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PREFACE 


The importance of the availability of accurate infor- | 
mation on occupations, including professional careers, was 
never so great as it is now. Nowhere is this more necessary 
than in the case of those professional occupations for 
which special aptitudes and an expensive academic 
training are required. Too often faulty advice or mis- 
directed ambition has led many young people to under- 
take such training, only to find themselves unfitted to 
complete it. 


The Canadian Committee for Student Guidance in 
Science and Engineering, representing the Engineering 
Institute of Canada, the Canadian Institute of Mining 
and Metallurgy, and the Chemical Institute of Canada, 
has for several years maintained a volunteer counselling 
service for the assistance of young people contemplating 
entry into scientific and engineering professions. 


This Committee requested the co-operation of the 
Department of Labour in the preparation and publication 
of an authoritative reference book to help meet the needs 
of high school students in selecting their careers and 
their courses of training. Through the Canadian Council 
of Professional Engineers and Scientists helpful material 
was also obtained from the Canadian Society of Forest 
Engineers, the Royal Architectural Institute of Canada, 
the Canadian Association of Physicists, and the Agri- 
cultural Institute of Canada. 


The Department of Labour has been pleased to co- 
operate with the Committee in this undertaking, espe- 
cially since this particular project fits into a broad program 
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of occupational studies being made by our Economics 
and Research Branch. 


Careers in Natural Science and Engineering is intended 
for the use of counsellors, teachers, secondary school 
students, and all others interested in the professions 
covered. 


To all members of the professional organizations 
concerned we should like to express appreciation of the 
work involved both in planning and preparing this book. 
We should like also to commend the work of the volunteer 
counsellors, named by these organizations, who advise 
youth aspiring to enter these professional fields in all 
parts of Canada. 


The Bureau of Technical Personnel, and the Executive 
and Professional Division of the National Employment 
Service, are always at the service of those contemplating 
entering these professions as well as those engaged in 
them. 


ARTHUR MacNAMARA, HUMPHREY MITCHELL 
C.M.G., LL.D. 
Deputy Minister | Minister of Labour 


PREFATORY NOTE 


The monographs published collectively in this book 
are part of the series entitled ‘‘Canadian Occupations’’. 


The Department of Labour has co-operated with 
professional organizations in the natural sciences and 
engineering in preparing these monographs. Most of the 
material has been prepared by members of these profes- 
sional organizations. Officers in our Occupational Analysis 
Section have assisted in the analytical and editorial work. 


The Unemployment Insurance Commission and the 
Bureau of Technical Personnel of the Department of 
Labour have also made contributions towards the publi- 
cation of this book. 


Unlike the case of many other occupations covered 
in our ‘‘Canadian Occupations’’ series, pamphlets are 
not being issued to accompany monographs in this group. 


DIRECTOR, 
Economics and Research Branch, 
Department of Labour. 


March, 1949. 
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SECTION I 


CAREERS IN NATURAL SCIENCE AND ENGINEERING 
IN CANADA 


The monographs in this book, dealing with individual 
branches of natural science and engineering, define the 
somewhat specialized fields involved in each branch. 
There is, however, considerable information which applies 
generally to many or all of these branches. This has been 
gathered together to form the opening section which 
should, in effect, be read as part of the treatment of the 
subjects dealt with later. An exception is made in the 
case of architecture which, while it may be said to contain 
elements of both science and engineering, is an entirely 
separate profession. The monograph dealing with archi- 
tecture is therefore complete in itself. 


Diversified Nature of Canadian Economy 


The scope for a wide variety of careers is as broad in 
Canada as anywhere else in the world. To begin with, 
the country is exceptionally well provided with natural 
wealth under the four main divisions of soil, forests, 
mines and fisheries. Under each of these classifications 
our natural resources are characterized by both quantity 
and variety. 


Scientists and engineers have played an important 
part in the development of Canada. Natural resources 
have been utilized to make this country one of the leading 
industrial nations of the world. The progress already 
made in transportation, communication, agriculture, 
forestry, mining, manufacturing, power development and 
construction, points the way to even greater developments 
in the future. In the planning and execution of such 
projects, there will be good opportunities for those who 
can meet the high standards required in these professions. 


In all these spheres constant study and research must 
be maintained in order to seek out additional sources of 
known materials, to discover new natural wealth and to 
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exploit the latter efficiently. To process or convert natural 
products there has been built up in Canada a very sub- 
stantial manufacturing industry now employing well 
over 1,000,000 people, and much of this growth has taken 
place in the last 10 years. 


To facilitate travel, whether for business purposes or 
otherwise, and to move goods in both the raw and manu- 
factured states, widespread transportation systems are 
required. To turn the wheels of industry and provide 
comfort and convenience in keeping with Canadian 
standards of living requires a substantial volume of power 
development of all kinds. At the present time (1949) only 
about 25 per cent of our known water-power resources 
have been developed. 


Constant growth in all the fields mentioned calls for 
continuous activity in the construction industry and 
necessitates expansion of communication facilities. These 
are all obvious sources of opportunity for people with 
scientific and technical training. 


Scope of Work of Scientists and Engineers 


From the occupational point of view, the work of the 
scientist and that of the engineer are closely related. 
There is, however, a broad distinction in that the student 
of the natural sciences is primarily engaged in the search 
for new knowledge, whereas the engineer devotes himself 
largely to the application of this knowledge for direct 
use by the community which he serves. In some branches 
of scientific work it is almost impossible to define the 
boundary between research and application, but never- 
theless the broad distinction exists. 


The four principal fields in natural science are Chem- 
istry, Physics, Geology and Biology. Certain elements of 
these combine with other things to form the professional 
field of agricultural science. In the monographs which 
deal with these five subjects individually, it will readily 
be seen that they have the common characteristic of being 
basically concerned with the search for fundamental 
truths. Scientists are often spoken of as ‘‘extending the 
frontier of theoretical knowledge’’. 
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Engineering, on the other hand, has been defined by 
the Institution of Civil Engineers of Great Britain as 
‘‘the art whereby the great forces and powers of nature are 
converted and applied to the use and convenience of man’’. 
The craft of the master builder of ancient days came in 
time to be divided into military engineering and civil 
engineering. The latter has since expanded into six main 
branches: Civil, Mechanical, Electrical, Mining, Chemical 
and Metallurgical, and a number of smaller divisions 
(numerically), such as Aeronautical, Ceramic, Forest, 
and Petroleum Engineering. 


Personal Qualifications Required 


Apart altogether from academic needs, it is necessary 
to study the general qualifications essential for work in 
any of the natural sciences or in any branch of engineering. 
Many authoritative statements have been made in this 
regard, of which two representative samples are given. 
In the case of the scientist the following is an extract 
from the appropriate pamphlet in the ‘‘Careers for Men 
and Women Series’’ issued by the Ministry of Labour and 
National Service in Great Britain: 


‘*The scientist must have not only technical knowl- 
edge but also such personal qualities as initiative, 
resource and self-reliance. Intending entrants should 
have acquired a habit of hard and purposefu! work and 
logical thought. They should be able to observe and 
record accurately. Frequently they will have to write 
reports and to pass information on to other workers, 
and they must learn to give descriptions and instruc- 
tions in clear English, whether written or spoken. 
Imagination, an enquiring mind and patience are 
essential for research. 


‘*There is room in the profession for persons of all 
types provided that they have the requisite scientific 
ability and qualifications. There are, of course, many 
posts where a capacity for leadership is essential. 
Much applied research consists of team work which 
demands a capacity for human contact, but the 
scientifically gifted but unsocial man will generally 
find a useful niche.”’ 
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On the question of essential qualifications for engineers, 
the Dean of the Faculty of Applied Science and Engineer- 
ing, University of Toronto, has this to say: 


‘For notable success in any branch of engineering, 
a young man must possess, in a conspicuous deégree, 
the analytical, calculating and planning ability. He 
should be interested in finding out not only how things 
work, but more particularly why they work, and still 
more what might make them work better. Manual 
dexterity or the ‘‘tinkering”’ ability is not in itself an 
indication of probable success in the field of profes- 
sional engineering. Unless an aspirant has a compelling 
interest in science and its applications and a strong 
creative instinct backed by an aptitude for quantitative 
reasoning, his success in engineering will at best be 
moderate. 


‘It need scarcely be said that a high and broad 
intelligence are prerequisites for an exacting profes- 
sion. Interest in human relationships and the social 
well-being of one’s associates and community must 
accompany technological competency. Otherwise, the 
young man will find himself filling the role of a pure: 
technologist, that is, a master of certain techniques, 
put without broad influence in the world of men and 
affairs. 


‘‘Those personal traits that most contribute to 
success in these professions are initiative, originality, 
persistence, self-reliance, integrity, loyalty, co-oper- 
ative spirit, and leadership. Emotional stability and 
self-control are, or course, prerequisites for one who 
must often face very trying and disconcerting situa- 
tions. Coolness in an emergency is of paramount 
importance in directing great enterprises.”’ 


University Training 


The great majority (90 per cent) of those who enter the 
scientific and engineering professions in Canada do so 
after securing formal training at a university. It is 
important therefore to consider the change in methods 
of study on leaving high school or secondary school and 
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entering a university or college. It has been said that 
pupils g0 to school to be taught but students go to univer- 
sity to learn. In the latter case it is left almost entirely to 
the student to determine to what extent he will benefit. 
He must therefore be prepared to organize his own work, 
which will normally embrace a wide variety of subjects, 
and so to apply himself that he will secure the maximum 
benefit. 


Scientific and engineering courses are not easy even 
for good students, and such branches of study tend to 
become more difficult and more comprehensive from year 
to year. It is therefore dangerous to assume that the 
academic path to a degree, even for a student who has 
enjoyed high standing previously, calls for anything less 
than the maximum possible degree of concentration. 


University Entrance Requirements 


The specific entrance requirements for admission to 
any particular course in a university are set out in detail 
in the calendar of that university. Before committing 
himself to any definite action, the prospective student 
should discuss his problem with one or more guidance 
counsellors, such as those provided by the engineering and 
scientific institutes. He should also secure the calendar 
of at least one suitable university and study it thoroughly. 


These calendars contain not only a useful fund of 
general information regarding the university itself and 
various forms of student activity, but also set out in detail 
the actual curriculum of study for each course. In many 
cases they have quite full notes on the content of each 
series of lectures or laboratory periods. By studying these 
it is possible to acquire a better insight into the objectives 
which the course is designed to attain. 


The general trend is toward stiffer entrance require- 
ments in order to ensure better preparation for courses 
which are themselves more comprehensive. The student 
who is well prepared for entrance to university may be 
assumed to have acquired a good general education up to 
that point. This in turn is quite likely to be apparent in 
any study of his personal qualifications on graduation. 


ties 


These will be a most important factor in his professional 
advancement, and particular mention should be made of 
the value of being able to speak and write well. Skill in 
the use of our language is an absolute necessity in scien- 
tific and engineering work, and the development of this 
skill cannot be started too early. 


Fees and Living Expenses 


The most important item in the cost of a university 
course is the tuition fee. Not only is the amount sub- 
stantial, being quite often of the order of $200 or $300 per 
annum, but it customarily must be paid in one lump sum 
or in two instalments. The actual amount varies, de- 
pending on the university attended and the course being 
taken, but here again definite up-to-date information 
can always be obtained from the university authorities 
or from the university calendar in which living expenses 
and other incidental charges are also dealt with. 


A substantial part of the expense of taking a university 
course can be met by earnings during the long vacations. 
An increasing number of employers are making it a prac- 
tice to take a certain number of undergraduates into their 
employment every summer. This gives the student an 
insight into the world of work and, in many cases, fur- 
nishes experience along definite lines associated with his 
academic training. In some courses a stated amount of 
such practical experience is a requirement of the curri- 
culum. 


There is a steady increase in the provisions for financial 
assistance for deserving students. These may involve 
scholarships or bursaries or financial aid available from 
various loan funds. This financial aid is administered by 
universities, profess'onal associations, alumni bodies or 
other agencies. Authorities at both secondary schools 
and at the university are well informed regarding the 
various channels through which aid can be secured by 
students or prospective students. 


Channels of Employment 


It is one thing to talk in general terms of opportunities, 
but quite another matter for the individual student to 
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locate the actual job which he will be seeking either in 
his long vacation or on graduation. He will be looking 
solely for information about specific openings. Such in- 
formation may reach him in various ways. 


The official Government agency for dealing with such 
problems at the universities is the Executive & Profes- 
sional Division of the National Employment Service. This 
division works in co-operation with such employment 
officials as may exist as part of the university’s own 
organization, and makes available lists of openings, the 
details of which have been gathered from employers 
through a comprehensive programme conducted by the 
Department of Labour. Other employers conduct ‘‘re- 
cruiting’’ campaigns at the universities, where students 
are informed of the nature of the positions available and 
where they may be interviewed and selected. Still other 
employers may approach students through members of 
the university teaching staff who are instructing in some 
specific subject of interest to the employer. 


As the student proceeds through his course, he will 
have many opportunities to study the employment market 
in his own particular field of specialization. Discussions 
with members of the staff are always possible, and there 
are frequent contacts at meetings and elsewhere with 
those engaged in various types of work outside the uni- 
versity. In many cases, summer employment as an under- 
graduate will help to develop an appreciation of the type 
of career which may be open. 


Sources of Employment 


Graduates in certain branches of science and engi- 
neering will be found in large numbers in industries which 
are closely related to their specific training. For example, 
forest scientists and forest engineers are largely concerned 
with some phase of the forest products industries. The 
primary source of employment for graduates in mining 
is the mineral industry. 


There is, however, a tendency towards quite widespread 
distribution in many fields of technical training, and some 
reference is made to this in the monographs which follow 
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and which deal with individual types of scientists and 
engineers. 


By way of illustrating this point statistically, the fol- 
lowing table has been prepared from data provided by 
the Dominion Bureau of Statistics’ study ‘‘Supply and 
Demand ‘in the Professions in Canada’’ and the report 
by the Chemical institute of Canada on ‘‘The Economic 
Status of Chemists and Chemical Engineers’’. 

APPROXIMATE DISTRIBUTION BY SOURCE OF EMPLOYMENT 


F GRADUATES IN CERTAIN BRANCHES OF 
SCIENCE AND ENGINEERING 


(by Percentage) 


Chemical Civil Electrical |Mechanical 
Chemists |Engineers | Engineers| Engineers| Engineers 


Manufacturing..... 53.8 77.0 13.8 41.4 68.7 
Mining! t6 P05: 3 0.8 1.3 3.0 1.8 2.5 
Building 
Construction... .. as —— 32.8 3.3 4.3 
Electrie Light & 
POWER ee 0.2 —_ 4.2 21.7 2.2 
Transportation & 
Communication. 0.5 1.0 7.9 20.8 9.0 
Trade, Finance & 
Business......... 31 3.0 1.0 2.8 2.6 
Professional Services 
including Teaching 17.9 5.6 10.1 3.0 3.0 
Public Authorities 
Exel. of Education 20.7 9.3 21.5 3.9 5A 
Others 244,414 3.0 2.8 5.7 1.3 2.0 
TOGA ns ook 100.0 100.0 100.0 100.0 100.0 


Regardless of the source of employment, it must be 
remembered that the graduate in science or engineering 
may be called upon to perform any one of a wide range of 
functions. These have been listed in various ways, but as 
one illustration the following list will serve: 


List of Functions for Scientists and Engineers 


1. Research 10. Layout and location 

2. Development 11. Administrative and executive 

3. Designing, draughting 12. Supervision and management 

4. Testing, inspection, 13. Teaching, instruction, extension 
laboratory service work, writing 

5. Installation, erection 14. Sales and service 

6. Production 15. Consulting 

7. Operation 16. Personnel, safety and efficiency 

8. Maintenance 17. Accounting 

9. Construction 18. Other—to be described 


Earnings of Scientists and Engineers 


Although various attempts have been made to give a 
picture of salary scales applying in the case of scientists 
and engineers in Canada, it is practically impossible to 
lay down any hard and fast rules as to what salary levels 
actually exist. The picture is somewhat different in such 
types of skilled labour as building tradesmen and various 
categories employed in industrial production. The hourly 
rate paid to journeymen in the building trades is pretty 
well established in various communities under agreements 
between union and management. No such formal scales 
exist in the case of professional workers in scientific and 
engineering fields. Some professional bodies are more or 
less constantly engaged in surveying this matter and 
attempting to arrive at recommended scales of remu- 
neration. It may be true that such scales are meeting with 
some degree of favour among employers, but it must be 
remembered that, in the employment of professional men, 
there are such things to be considered as widely varying 
degrees of skill and experience, a number of different 
functions in which a scientist or engineer may be em- 
ployed and the difficulty of matching in every case an 
existing opportunity with the exact type and degree of 
skill which is required to perform the work involved. 


A study of existing salaries does, however, reveal that 
there are certain basic factors which have wide general 
application. One of these has to do with the starting 
salaries offered on graduation. A fairly comprehensive 
sample of the salaries which it is proposed to offer to grad- 
uates of the Class of 1949 shows that less than 10% of the 
cases fall below $195 per month and also that less than 
10% of the cases fall above $240 per month. This suggests 
a wide degree of uniformity in starting salaries all across 
the country and over the whole range of branches of 
science and engineering. 


Towards the other end of the scale, the data on salaries 
paid to graduates in science and engineering is greatly 
affected, and the averages substantially increased, by the 
inclusion of large numbers who take on managerial duties 
in place of their previous technological functions. In very 
rough terms, it appears that 30 years after graduation, 
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probably 10% of the graduates are receiving in excess of 
$10,000 a year. A very small portion of this top 10% are 
likely to be employed on technical work. The average of 
those engaged on purely technical work with over 20 
years’ experience will be below the median. It is equally 
probable that 10% with the same range of experience do 
not receive a salary as high as $3,500 a year. The remaining 
80% fall somewhere between these two figures. 


The average for the whole group shows a definite tend- 
ency to increase with years of experience, and this is no 
doubt typical of all forms of professional activity. It isa 
measure of the professional growth and development of 
the individual scientist or engineer. 


This salary pattern is illustrated on the chart at Figure 
1, but it is important to remember that all such presenta- 
tions must be taken with reserve. Any study of actual 
salaries can apply only at the date at which it is made and 
gives little indication of what future trends may be. 


Sources of Supplementary [nformation 


In the introduction to this book there is reference both 
to the need for accurate information on careers and to the 
fact that various professional bodies have co-operated 
with the Department of Labour in the preparation of this 
volume. Mention is also made in most of the individual 
monographs of the professional organization appropriate 
to the branch of science or engineering dealt with. As an 
appendix the book contains a list of counsellors who have 
been appointed by various institutes to give voluntary 
service to prospective students and others seeking more 
detailed information. 


Every advantage should be taken of these further sour- 
ces of reliable information. The professional groups 
concerned wish it to be known that they are prepared to 
offer all possible assistance along these lines. 


SECTION II 


CANADIAN UNIVERSITIES GRANTING DEGREES IN NATURAL 
SCIENCE AND ENGINEERING 


Two tables have been prepared (Numbers 1 and 2) 
listing the various universities giving degrees in scientific 
and engineering subjects. From these tables it is possible 
to see at which university instruction is given in any 
particular branch and at the same time to see in what 
branches degrees are granted in any particular university. 


In the case of degrees in science the universities tab- 
ulated may offer either specialized courses or ‘‘general 
science’’ courses, or both. The difference between these 
types has to do with the degree of concentration applied 
to one particular field of natural science. This may be, 
for example, chemistry or physics or biology or geology. 
In a limited number of cases, two of these may be com- 
bined. Where one of these natural sciences is the major 
subject of study and the curriculum provides the 
maximum possible number of hours of lecture and lab- 
oratory work, the course is often referred to as an 
‘*honour course’’. 


‘General science’”’ or ‘‘pass science’’ courses by con- 
trast cover a broader range of subjects of study and in 
some cases may be both of shorter duration and also 
based on lower entrance requirements. This type of 
course is useful from the point of view of general educa- 
tion and may form a sound foundation for further study 
along more specialized lines. It does not, however, nor- 
mally lead so readily to any field of employment of a 
scientific nature. 


There is no uniform system followed by all univer- 
sities in naming the actual degrees awarded. In agricul- 
ture, for example, the degree may be that of bachelor 
of science, or bachelor of science of agriculture. In the 
case of biology, chemistry, geology, and physics, some 
universities award degrees in arts and others use the 
degree bachelor of science. It is important therefore to 
identify a particular course by the actual content rather 
than by the label which is used for the degree. 
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Forestry is shown on both tables because the degree 
granted in certain universities is in the ‘‘science of for- 
estry’’ and in others the degree is in ‘‘forest engineering”’ 
The University of British Columbia grants both types 
of degree. 

In the monographs which follow, dealing with specific 
branches of science and engineering, one or two of the 
branches of engineering listed in Table No. 2 are not 
dealt with, namely, agricultural engineering, engineering 
and business, engineering physics, and mechanical- 
electrical engineering. Such courses have elements which 
are common to certain others, and it is felt that the omis- 
sion of detailed descriptions does not seriously detract 
from the total treatment. As pointed out in the previous 
section, fuller details can readily be secured from the 
calendar of the appropriate university, or from university 
officials. These may be supplemented by discussion with 
counsellors who are actually engaged in the work of the 
profession involved. 


TABLE NO. 1 
UNIVERSITIES AND COLLEGES GIVING INSTRUCTION LEADING TO 
DEGREES IN THE NATURAL SCIENCES, AGRICULTURE 
AND FORESTRY 


University Location Remarks 
Acadia University.................... Wolfville, N.S............. 
Carletone@ olleve scx. «|. ks eee ete. Ottawa, Ontario.......... 
Dalhousie University................ Halifax, N.S... ee 
MeGili University 2)... ... hee Montreal, Que............. A 
McMaster University................ Hamilton, Ontario........ 
Mount Allison University............ Sackville, N.B............. 
Ontario Agricultural College......... Guelph, Ontario.......... A only 
Queen’s University.................. Kingston, Ontario......... 

St. Dunstan’s College................ Charlottetown, P.E.I...... 

St. Francis Xavier University........ Antigonish, N.S........... 

St. Joseph’s University.............. St. Joseph, N.B............ 

St. Patrick’s College................. Ottawa, Ontario.......... 

Sir George Williams College.......... Montreal, Que............. 
University of Alberta................ Edmonton, Alberta........ A 
University of Bishop’s College....... Lennoxville, arenes Ree ee 
University of British Columbia...... Vancouver, -B.C............ AF 
University of Laval.................. Quebec, Que.............. A 
University of Manitoba.............. Winnipeg, Man............ A 
University of Montreal............... Montreal, Que............. A 
University of New Brunswick........ Fredericton, N.B.......... F 
University of Ottawa................ Ottawa, Ontario.......... 
University of Saskatchewan... .. Saskatoon, Sask.. A x, ys * 
University of St. Mary’s College. . Pe 2p. Halifax, N.S.> 77. (2.2. 
University of Toronto................ Toronto, Ontario.......... F 
University of Western Ontario....... London, Ontario.......... 


A—Degree Course in Agriculture 
F—Degree Course in Forestry (Bachelor of Science in Forestry) 


With the exception of the Ontario Agricultural College, 
all the above institutions give instruction in the Natural 
Sciences, namely Biology, Chemistry, Geology, and 
Physics. It must be remembered, however, that there are 
wide variations in three important characteristics of the 
instruction offered. The first of these is the difference in 
entrance requirements. The second is the number of 
years of instruction at university level, and the third is 
the content along highly specialized lines of the teaching 
in any one of the four Sciences. 


For example, some of the institutions listed admit 
students to university courses with junior matriculation 
or equivalent standing, whereas some require senior 
matriculation or equivalent. In other colleges both ‘‘pass”’ 
and ‘‘honour’’ courses are given, sometimes with a differ- 
ence in duration and with different requirements as to 
academic standards to be maintained during the course. 


If the student’s objective is to acquire professional 
standing in one of the Natural Sciences, it is obviously 
wisest to discuss these matters with the appropriate 
body which rules on professional standards. In this way 
information can be obtained as to the assessment of the 
worth of various courses from the point of view of acquir- 
ing professional status in a specialized field. There is no 
suggestion that the instruction offered in every case is 
not of distinct value, but the actual amount of work 
covered in certain courses must be supplemented by 
further study to meet professional standards in the field 
of specialization selected. 


In selecting the branches of engineering in which to 
proceed to a degree, students are, at least to some extent, 
éuided by the prospects in the different fields. It is unlikely 
that large numbers would graduate in any course where 
the demand was known to be small, and the trend will nor- 
mally be towards greater enrolment in those courses 
where there are numerically greater opportunities for 
employment. 
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TABLE NO. 2 


UNIVERSITIES GIVING DEGREES IN ENGINEERING 


AND ARCHITECTURE 


ENGINEERING 


Engineering & Business 
Mechanical-Electrical 


| Agriculture 
Aeronautical 
Ceramic 
Chemical 
Civil 
Forest 
Geological 
Mechanical 

| Metallurgical 


University of Alberta.............. 
University of British Columbia.....| x 
Universite Laval... 6.2.65 asa ws 
University of Manitoba............ 

McGill University................. 

Ecole Polytechnique, Montreal.... 
University of New Brunswick...... 

Nova Scotia Technical College..... 
Queen’s University..........,..... 
University of Saskatchewan....... x x 
University of Toronto............. Dali. 


Note 1: 


Note 2: 


Note 3: 


Note 4: 


x» | Engineering-Physics 
x | Petroleum 
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Institutions granting degrees in Architecture are listed in the 
monograph dealing with that profession. 


The following six institutions in the Maritime Provinces give a 
three-year course leading to an ‘‘Engineering Certificate’’ 
which qualifies a student to enter the pre-final year in Engi- 
neering at one of the universities granting degrees: Dalhousie 
University; St. Francis Xavier University; Acadia University; 
University of St. Mary’s College; Mount Allison University; 
Memorial University College, St. John’s, Newfoundland. 


The first year of a degree course in Engineering is given at 
McMaster University and the first two years at Ottawa Univer- 
sity and at Carleton College, after which the remainder of the 
course may be taken at a degree-granting institution. 


Graduates of the Royal Military College are given credit for 
part of the degree course at universities. 
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From this point of view the actual distribution of the 
current year’s graduating class (1949) may be of interest. 
(The figures given are from a report of the Engineering 
Institute of Canada). 


Aeronautical Engineering................ 35d 
Agricultural Engineering................ ol 
Ceramic and non-metallic minerals...... 27 
Chemical Engineering................... 401 
CAvil eeering os ssn eee ee be we 664 
Electrical Engineering................... 705 
Engineering and Business................ 97 
Je a Cr ET) Ce See i 6 ee ee a rr 
Ss OE 1 ee a ee 22 
Geology and Mineralogy Engineering.... 117 
Mechanical Engineering................. 723 
Metallurgical Engineering............... 82 
Mining Engineering..................... 170 
Engineering Physics..................... 166 

TUR AGiat ieee. tee oy. 3,809 


OPTIONS AND OVERLAPPING COURSES 


By reference to the individual monographs which 
follow, it will be seen that, within any one branch of 
science or engineering, there are a number of fields of 
specialization. Preparation for many of these specialized 
lines of work is provided for in the university course by 
what are known as options. This narrowing of the field 
of training, however, does not usually occur in the earlier 
years of the curriculum, and enrolment as a freshman 
may often be in a general scientific or engineering course. 
This leaves open the final choice of both branch and option 
until one or more years of study have been completed. 


Experience has shown that this arrangement serves 
the useful purpose of allowing the student further time 
before definitely committing himself to anything more 
specialized than a general training for science or 
engineering. 


From the point of view of opportunities for getting 
started on a professional career, it should be remembered 
that employers do not always make a fine distinction 
between the various courses of university training. A 
complete study of the content of all courses offered in 
universities would undoubtedly reveal that in each case 
there is much that is closely related to a type of training 
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that goes under some other name. This can readily be 
done, at least in a preliminary way, by scrutiny of the 
calendars issued by the universities themselves. 


The task of distinguishing between courses is also 
complicated by the wide variation in nomenclature 
adopted by various universities in selecting the actual 
names of the degrees they award. On one campus for 
example, it is possible to obtain a B.Sc. degree in chemical 
engineering, B.Sc. in chemistry (taken in the applied 
science faculty) or a B.A. in chemistry taken in the arts 
faculty. On a neighbouring campus the only degrees 
available are B.A.Sc. in chemical engineering and B.A. 
in chemistry. In other universities the term B. Engineer- 
ing is substituted for B.Sc. or B.A.Sc., and there is also 
a B.Sc. given in ‘‘arts and science faculties’’. 


There is, of course, a distinction made at any one 
university between the purposes of courses in chemical 
engineering on the one hand and chemistry as a pure 
science subject on the other. Practice varies from one 
university to another as to how much common content 
there is in these various courses, and also as to the extent 
to which teaching staffs, text books, laboratory courses, 
etc., may or may not be common to more than one course. 
In the result, it is not surprising that a number of em- 
ployers will not hesitate to engage a graduate in chem- 
istry under the title ‘‘chemical engineer’’ or a graduate 
in applied science under the title ‘‘chemist’’. 


Many other examples could be quoted from scientific 
fields, some of the more obvious ones being forestry and 
forest engineering, geological engineering (or mining 
with geology option) and geology, or the group of subjects 
which may be traced from mathematics through math- 
ematics and physics, physics (electrical), engineering 
physics to electrical engineering. 


Undoubtedly many opportunities to become estab- 
lished in a professional career depend very definitely on 
the specific type of academic training that the student 
has undergone. Nevertheless, a substantial number of 
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graduates will become employed in places where their 
academic training is assessed on quite general lines. 


There is, however, one consideration that applies 
equally to both groups. The Engineering Institute of 
Canada made available (Engineering Journal, April 1947) 
the results of a study made in the United States of ‘‘Em- 
ployer Practice Regarding Engineering Graduates’’. In 
this survey employers were asked to arrange, in order of 
preference, nine items presumably considered when 
selecting an engineering employee. The order in which 
employers placed eight of these items (including scholastic 
record) varied somewhat, but they all agreed that ‘‘per- 
sonality’? should head the list. 


SECTION III 
AGRICULTURAL SCIENTIST 
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Canada’s agriculture, through its human and natural 
resources, has shown remarkable growth during the past 
sixty-five years. The following comparison of figures for 
1881 and for 1941 will indicate in some degree the extent 
of this growth: 


1 1941 

(millions) (millions) 
Farmed acreage............... 45.0 175.0 
Improved land, acres.......... 22.0 92.0 
mmerain crops .°*$. 2 eee 15.0. 57.0 
Wheat crops, oS ag tee 2.4 28.7 
Wheat yield (bus.)............. 32.0 540.0 


A comparison of the years 1881 and 1947 gives further 
evidence on expansion: 


1881 1947 

(millions) (millions) 
LILCIE COWS s. cc). eh cee 1.6 3.7 
Other cattle.....2:0 )) Aa vee. 1.9 6.0 
Milk production (gals.)........ 6,900.0 17,000.0 


The average size of the Canadian farm has also ex- 
' pandeu. In 1881, the average size was 97.7 acres and by 
1941 it was 238.5 acres. The 1946 Prairie Census shows that 
in Saskatchewan the average size of the farm was 473 
acres, whereas in Eastern Canada the average size of 
farms is about 115 acres. Today, with the use of machines 
and science, the average Canadian farmer can work about 
85 acres of improved land; in 1911, he was able to cultivate 
only 52 acres. 


The current value of farm capital is estimated at 
almost six billion dollars. The net value of agricultural 
production is at the $1.5 billion mark. 


There is also the agricultural processing industry. 
About 225 thousand men and women are employed in 
more than 10 thousand establishments. Slaughtering 
and meat packing is one of Canada’s main industries. 


But the proportion of Canadians living in agricultural 
Canada has decreased markedly. Eighty per cent of 
Canada’s population lived on farms or in small commu- 
nities in farm districts in 1871. By 1941, the figure was 
45 per cent. The actual proportion living on farms was 
about 27 per cent. 


The reduction in the proportion of workers engaged 
in primary food production, while the output of food is 
increasing, has been an important factor in establishing 
Canada as an industrial nation and has been a strong 
force in advancing the level of living for all of her people. 
Each advance in the science and technique of agricultural 
production and marketing, which leads either to a larger 
output per worker or to a lower cost per unit of product, 
benefits society by releasing more workers for other 
employment and by providing food for the consumer at a 
more reasonable cost. Since levels of living are determined, 
to a large extent, by the amount of economic goods avail- 
able per person, increased efficiency in agriculture benefits 
all people. 


Agricultural progress in a developing economy is 
dependent upon increasing production per worker. New 
and more profitable uses of manpower, mechanical power, 
soils, water, plant and animal resources, have to be 
developed. New and improved market outlets have to 
be found for farm products. Losses through insects, 
diseases, and spoilage, have to be reduced. Human nutri- 
tion must be improved, and food use for farm products 
must be extended. And another major task is to make 
use of the results of scientific research, to introduce them 
into the economy with a minimum of disturbance, and 
to pass on the gains to all. 


TRENDS 
The following lists the broad classification of special- 


izations open to the university-trained agricultural 
éraduate: 


1. Inspection and Control 
2. Extension and Promotion 
3. Teaching 

== 


4. Scientific Research 

5. Administration 

6. Commercial and Industrial Employment 
7. Ownership of Business 

8. Farming. 


The Dominion Department of Agriculture is the 
largest employer of university-trained agriculturists, with 
commercial organizations a close second. The prov.ncial 
departments of agriculture and the universities rank next 
in order of importance. The Dominion Departments of 
Trade and Commerce, Labour, and Finance employ a¢gri- 
cultural economists. The National Research Council 
and the Ontario Research Foundation also employ a¢gri- 
cultural scientists. The Department of Veterans Affairs 
employs field men in the administration of the Veterans’ 
Land Act. Last but by no means the least important is 
farming itself. 


Some of the Canadian business organizations that 


employ graduates in agriculture include: 


Advertising Agencies 

Agricultural Journals 

Banks (Land Departments) 

Canneries 

Cheese Factories 

Chemical M:znufacturers 

Creameries 

Chick Hatcheries 

Co-operative Marketing 
Organizations 

Educational Bureaus 

Farm Machinery Manufacturers 
and Distributors 

Feed Manufacturers & 
Distributors 

Fertilizer Manufacturers & 
Distributors 

Florists 

Fruit Marketing Agencies 

Fruit Processors 

Grain Elevator Companies 

Hail Insurance Companies 

Ice Cream Manufacturers 

Irrigation Companies 

Landscape Gardeners 


Life Insurance Companies 
(Land Depts.) 

Livestock Breed Associations 

Malting Companies 

Meat Packing Companies 

Milling Companies 

Milk Processors & Distributors 

Mortgage and Loan Companies 

Mushroom Growers 

Newspapers — Daily & Weekly 

Nurseries—Trees, Shrubs and 
Plants 

Poultry Marketing Agencies 

Railway Companies 
(Agricultural Depts.) 

Spray Material Manufacturers 
and Distributors 

Seed Houses and Organizations 

Soybean By- Product 
Manufacturers 

Statistical Services 

Sugar Beet Companies 

Vegetable Marketing Agencies 

Wineries 

Wool Marketing Agencies 


ae 


There is ample evidence of a trend toward wider use 
of agricultural graduates in industry. Until quite recently 
commercial and industrial employment ranked after 
farming, Civil Service and teaching as an occupational 
outlet for graduates in agriculture. This type of career 
has now moved up into second place and is already showing 
signs of crowding government service for the lead. The 
principal classifications of industrial employment indi- 
cated as the choice of the graduating class of 1948 are: 
handling and processing of foodstuffs, farm equipment, 
agricultural mechanics, and seed production. Within 
each of these main classifications there is, of course, a 
wider variety of specialized lines. Food handling and 
processing, for example, includes meat packing, milk 
distribution, preparation of flour and feeds, handling 
of grain, canning, refrigeration, production of sugar, to 
mention only a few. 


The agricultural colleges and schools listed in Section 
II require teaching staffs. This is not a large field of 
prospective employment, as basic staffs are already in 
existence at those institutions. 


A larger prospective field is the teaching of agriculture 
or general science in secondary schools, including both 
city and rural high schools. 


Scientific research on agricultural problems offers a 
widely varied field of employment. Although basic staffs 
have been provided for research units throughout Canada, 
new problems are constantly arising and specialists in 
new fields are required. 


The number of students graduating in agriculture 
is increasing. Whereas at one time only slightly more 
than a hundred students graduated each year, the number 
receiving degrees in 1948 was nearly 400. There will be 
three more large classes, about 1,000 in 1949, over 800 in 
1950, and over 600 in 1951. These large classes will meet 
some of the unfilled demand for trained agriculturists. 
Students should consider this trend carefully. 


DUTIES 


The duties vary with the nature of the work. We shall 
refer to our original classification. 


1. Inspection and Control 


This includes such work as the grading of meat, dairy 
products, fruit and vegetables, eggs and poultry, seeds, 
wool, and other agricultural products, and the admin- 
istration of laws covering the control of plant and animal 
diseases, and the quality of feeds, fertilizers and spray 
materials. Agricultural college graduates supervise this 
work and are assisted in many cases by non-graduate lay 
inspectors. A large field of work under this heading is the 
control of contagious diseases of animals, which is super- 
vised by veterinary college graduates, and which is under- 
taken mainly by the Dominion Department of Agriculture. 


2. Extension and Promotion Services 


Most of the provinces maintain extension services for 
the purpose of helping farmers to improve methods, 
and of encouraging them to take advantage of opportu- 
nities for farm improvement and community develop- 
ment. They are located in farming areas, usually one to 
each county or district; in sparsely settled areas, one to 
a group of counties; in some highly specialized areas 
there may be more than one man to a county. These men 
are assisted by extension specialists, employed by the 
provincial departments of agriculture or agricultural 
colleges, who are skilled in particular fields of work such 
as livestock, fruit, field crops, etc. 

The local extension man is usually known as the 
Agricultural Representative, or District Agriculturist. 
His task is to make a thorough study of the agricultural 
possibilities and problems of his area, and to take to the 
farmers the latest information which may be of benefit 
to them. This involves continual contact with individuals 
and organizations in his area. He sends out circular letters, 
speaks at meetings, organizes campaigns and clubs, and 
in general is the salesman of scientific agriculture to 
the farmer. 


3. Teaching 


This work may call for lecturing and research. The 
teaching schedule may include degree, diploma and short- 
course students. Adaptability is an essential requirement 
for the professor in agriculture at the university. 
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4. Scientific Research 


The work covers the whole field of natural sciences 
affecting the utilization of plants and animals. It includes 
the development of new strains and varieties, their nutri- 
tion, diseases and pests, methods of production, engineer- 
ing and processing for human consumption. It com- 
prises the field of economic and social sciences relating to 
farm management, marketing, community development, 
and regional, national and international economic policy. 


Research work deals not so much with people as it 
does with materials and ideas. 


5. Administration 


Administrative positions in agricultural services are 
filled as a rule by promotion from the ranks of extension, 
control and research men. A few men go into junior posi- 
tions in administrative offices soon after graduation, 
but may rise to the higher positions after they acquire 
the scientific training and field experience by coming 
up through the ranks in their various services. 


6. Commercial and Industrial Employment 


The duties may range from research to promotion. 
Each specific industry has its own requirements. 


QUALIFICATIONS 


The qualifications required vary with the nature of 
the work the individual graduate undertakes and the 
degree of specialization he desires to pursue. 


1. Inspection and Control 


For supervising, the inspecting of the health of animals 
and meat grading, the degree of Bachelor of Veterinary 
Science is necessary. As veterinary inspectors are dealing 
with livestock, and with farmers and packing house 
officials who know livestock, a farm background is prac- 
tically essential for this type of work. 


For most other fields of inspection and control, posi- 
tions are open to agricultural college graduates. Some 
of the junior inspector classes are open to men who have 
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had two or three years in college, or in some cases to men 
who have qualified by experience in the trade concerned. 
Where inspectors deal with farmers, a farm background 
is necessary. The trend is to step up the requirements 
for inspectors, making university graduation a prefer- 
able requirement for the position. 


2. Extension and Promotion 


An extension man must have three main qualifications: 
he must understand scientific agriculture; he must 
understand practical farming; and he must be able to 
get along with people. He has to bring the white-collar 
specialist and the dirt farmer together, and to get the 
one to ‘“‘give out’’ and the other to ‘“‘take in’’. 


The requirements for the extension worker are a sound 
basic knowledge of the scientific principles of the prin- 
cipal types of farming in his area, a practical knowledge 
of the farmer’s problems, and a flair for getting ideas 
across to people and getting them to take advantage of 
those ideas. This latter qualification might be described 
as sales ability. With very few exceptions, a degree of 
Bachelor of Science in Agriculture or its equivalent is 
required for appointment as an extension worker. Good 
hea th and ability to stand travel and long hours are 
required. 


3. Teaching 


The student who plans to prepare for university or 
college teaching finds that he must take post-graduate 
work, involving usually an additional two years for a 
Master’s degree, and four or five years for a Doctor’s 
degree. 


4. Scientific Research 


In research work, the pressure of the public upon the 
worker is not so great as in the case of the inspector, the 
extension worker, or the teacher. But research requires 
intensive mental discipline. 


A farm background is a requirement for those whose 
research takes them into the field to deal with cultural 
methods and crops and livestock. Some of the laboratory 
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workers do not require a farm background, although 
it is desirable to have it. A Bachelor’s degree in science is 
essential, and it is preferable to have a Bachelor’s degree 
in Scientific Agriculture. A Master’s degree and probably 
later a Doctor’s degree must be taken, providing the 
worker with further specialization in his chosen field of 
work, and is usually necessary for those remaining in the 
field of research. 


§. Commercial and Industrial Employment 


A good formal education will be an advantage to those 
entering any line of activity, and the agricultural indus- 
tries are no exception. Usually there is a probationary 
period in which the college graduate must learn some- 
thing of the business ‘‘from the ground floor up’’. Those 
with a farm background are preferred by most industries. 


Post-graduate work is not required as a rule for sales 
and administrative positions; but for technical positions, 
business organizations employ men with Master’s and 
Doctor’s degree. 


TRAINING 


A host of specializations constitute the field of agri- 
cultural science. Before commencing formal training 
the young man would be well advised to become familiar 
with the line of his choice. If the choice is the animal 
sciences, agronomy, horticulture or any other similar 
field, summer employment on farms, with agricultural 
colleges or commercial enterprises is of inestimable value 
in testing one’s choice. 


Four-year courses leading to the degree of Bachelor 
of Science in Agriculture or Bachelor of Scientific Agri- 
culture are given by many Canadian colleges and univer- 
sities (listed in Section II). 


Field employment during vacations is required by 
nearly all universities and is considered an integral part 
of the student’s training. Most colleges employ students 
on this basis. The largest single employer of students, 
however, is the Dominion Department of Agriculture, 
whose training programme includes the employment of 
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‘Student Assistants’? for the summer months. Those 
whose work is of a sufficiently high calibre are considered 
for continuous employment with the Department upon 
éraduation. Appointment to all these positions is made 
by the Civil Service Commission. 


ADVANCEMENT 


In all agricultural services advancement is based on 
meritorious service and the assuming of greater respon- 
sibilities. Those entering the federal government service 
usually commence in a probationary training class where 
they remain for a period of one year. After that time, 
promotion to the next higher class is automatic if the 
previous year’s service has been satisfactory. Within a 
class, annual increases in salary are granted subject to 
meritorious service and greater responsibility. 


A great attraction of employment in the government 
service is its pension plan, which provides employees with 
a continuous income after retirement. Any person intend- 
ing to make the public service his life work (based on 35 
years of life service) can expect to receive a pension approxi- 
mately equal to two-thirds of his average salary for the 
last ten years of employment. 


Each of the provinces has its own salary schedule and 
retirement provisions. These can be obtained by getting 
in touch with the provincial Civil Service Commission. 


Most large industrial and commercial enterprises start 
their employees at a modest salary while experience and 
on-the-spot training are received. In a year’s time the 
employee will have demonstrated his ability and aptitude 
and his salary will be adjusted accordingly. Although no 
formal plan for advancement is used generally in busi- 
ness, the same general considerations serve as a guide as 
those used in the federal Civil Service. 


Most industries maintain employee benefits such as 
hospitalization and superannuation, and contribute to 
these funds on a variety of scales. 


ORGANIZATIONS 


The Agricultural Institute of Canada, Ottawa. 
a 


SUPPLEMENTARY INFORMATION 


‘*Agriculture’’—Careers in Public Service. Issued by 
the Civil Service Commission of Canada. 


‘*Agricultural Industries’’, ‘‘Sciences Relating to A¢gri- 
culture’, ‘‘Agriculture and Fur Farming’’. Part of 
Canadian Legion Educational Service Booklets series 
entitled ‘‘Let’s Consider Jobs’’. (1944, in French and 
in English). 

‘*Salary Scales of Professional Agriculturists in Canada 
(1947)? prepared by the National Committee of the 
Agricultural Institute of Canada, Confederation Build- 
ing, Ottawa, Canada. 
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ARCHITECT 
MONOGRAPH 21 


This Monograph deals with the architectural profes- 
sion in relation to building only. Landscape and Naval 
Architects are thus omitted. 


HISTORY AND IMPORTANCE 


The most striking evidence we have of the past civiliza- 
tions of the world lies in the structures which remain 
to bear witness to the art, skill and integrity of the archi- 
tects, the ‘‘master builders’’, who created them. It is 
true that most of what has survived consists of religious, 
memorial, and administrative buildings, but excavations 
have revealed, especially in the case of the Roman empire, 
that domestic architecture was equally well-planned 
and executed. 


In the Dark Ages the Church kept the art alive, and 
the Middle Ages have left a legacy of wonderfully beautiful 
cathedrals and churches to contrast with the highly 
functional fortresses which here and there remain as 
evidence of another major activity of the architects of 
that period. The Renaissance gave a new impetus to 
domestic architecture, as well as stimulating radical 
changes in the design of public buildings. As more stable 
and effective government gave greater security of life and 
property, and new wealth was created, an improved 
standard of domestic life gave opportunities for the 
designing of private residences which combined beauty 
with the maximum amount of convenience and comfort 
then obtainable. 


Industrial advances in the production of materials 
such as glass, iron, steel, ceramics and plastics, and of 
mechanical aids to building, have had a marked influence 
on architectural practice, and improved methods of 
water supply, sanitation, insulation, heating, cooling, 
fireproofing, lighting and communications have all 
called for new applications of the architect’s skill and 
knowledge. Domestic, industrial, commercial and public 
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construction have undergone changes which reveal how 
well the profession has made use of modern developments. 


Man’s primary physical need for shelter may now be 
satisfied with an accompaniment of comfort, safety, 
convenience and beauty. It is to the architect that we 
owe this, and it will be to his constant touch with new 
developments that the future will owe structures beyond 
the imagination of the present. 


DUTIES 


The functions of the architect are the design of and 
the direction of the construction of structures. He may 
act similarly in connection with the alteration and exten- 
sion of existing buildings. He combines the duties of an 
artist, an engineer and a cost estimator, with those of a 
businessman and an inspector of workmanship and of 
materials in construction. He must also see that con- 
struction complies with legislation governing such oper- 
ations. 


The architect obtains his client’s requirements and 
examines the site of a projected building to ascertain its 
possibilities and peculiarities. He then designs the build- 
ing and submits sketches to his client. After these are 
approved working drawings are prepared. These are the 
drawings from which the building is built, and include 
the ground plan, floor plans, elevations, sections, scale 
details, etc. He writes the specifications describing the 
construction in terms of material and workmanship. 
The architect then obtains and advises on the selection 
of suitable contractors, supervises the actual construction 
after supplying the contractor with all necessary drawings 
and instructions, acts as liaison between the owner and 
the contractor, and certifies the quality, quantity and 
value of work done by the latter from time to time. 


QUALIFICATIONS 


It is extremely important for anyone considering 
entering the profession to satisfy himself that he has the 
- natural aptitudes for the work. Primary requisites are a 
creative and imaginative mind, courage to be original, 
aesthetic appreciation and the power to visualize. Com- 
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bined with these must be an aptitude for the basic sub- 
jects—mathematics, science and language—necessary in 
the study and conduct of the profession. Since the archi- 
tect must be also a businessman, and deal with people, 
materials and money, he must be practical, scientific, 
pleasant, tactful, forceful and firm. Architects are 
expected to be leaders, not of the building industry alone 
but in public affairs as well. In addition to his technical 
knowledge and skill he must have an understanding of 
political economy, sociology and history. 


Generally speaking, educational prerequisites for pro- 
fessional courses in architecture include senior matri- 
culation standing (some schools require higher than 
pass standing in certain subjects). Courses of study in the 
fine arts and in their history will be an advantage in later 
studies. Experience in construction work and in archi- 
tectural draughting will be helpful. Enquiry should be 
made of the university at which it is desired to train, in 
order that any changes in entrance requirements may 
be ascertained. 


TRAINING 


(a) Academic : 


Courses for the degree of Bachelor of SCR Oe 
are given as follows: 


(1) Schools recognized by the Royal Institute of British Architects 


McGill University: 5 years; practical work in each 
summer vacation. Prerequisite Senior Matriculation 
with adequate mathematics. 

School of Architecture, University of Toronto: Admis- 
sion Ontario Grade XIII in certain subjects, 5-year course 
plus 12 months practical experience. 

University of Manitoba: 5-year course, preceded by 
1 year in Arts or Science. Senior Matriculation required 
(Manitoba gives a pre-architectural year for Junior 
Matriculants). 


(2) Other Schools 


Ecole des Beaux-Arts, Montreal: 5-year course plus 
a preparatory year; instruction in French only. This 


course is recognized by the provincial professional asso- . 
ciations of architects as having equal standing with those 
of the four universities. 


University of British Columbia: 5-year course, pre- 
ceded by one year Arts or Science. Admission requires 
60% standing in Mathematics and Science, Senior Matri- 
culation. 


Counsellors should verify the requirements of each of 
these courses, which are likely to change from year to 
year. 


(b) On the Job (as a registered Student) 


A student, duly registered with the provincial Asso- 
ciation, may work in an architect’s office as a draughts- 
man, and take evening classes or correspondence school 
study to prepare for the Association’s examinations, 
which, if passed, give professional standing. This method 
may take up to ten years. In British Columbia four years 
is the minimum, and intermediate and final examina- 
tions (as in the case of Chartered Accountants) must be 
passed. Needless to say, this will be a long and difficult 
procedure, and it cannot be hoped to reach the same 
standard of education and training as in a course at a 
school of architecture. 


ENTERING THE PROFESSION 


Contacts established during the university course may 
-serve to place graduates. Initial employment may be 
in a junior capacity such as draughtsman. 

Those training as working students under a registered 
architect will already be placed. 

Admission to some provincial Associations may not be 
applied for until the candidate has had two years’ expe- 
rience following graduation. 


ADVANCEMENT 


Advancement may be from draughtsman to more 
important work, eventually to a partnership or to practice 
on own account. As in other ‘‘own account’’ professions, 
economic advancement will depend largely on connec- 
tions, ability, business conditions, personality, location 
and opportunity. 
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RELATED OCCUPATIONS 


Civil engineering and surveying are closely related 
to some phases of architecture. Town planning, industrial 
and commercial design, interior decorating, teaching of 
architectural draughting and design, stage setting design, 
building contracting, and quantity surveying are occup- 
ations touching on architectural fields. 


ADVANTAGES 


The individual and creative nature of the work, and 
the opportunity for self-expression, together with the 
satisfaction of seeing one’s ideas taking concrete form, 
make this one of the most engrossing occupations. The 
contacts with varied types of person add to its interest, 
and the architect’s social status is definitely established. 
Legislation and professional organizations serve to pre- 
vent unqualified competition from affecting his economic 
Status. 


DISADVANTAGES 


The long preparation and its attendant expense, 
combined with relatively low income for some years after 
éraduation, make this profession, in common with others 
equally respected, unattractive to those who desire or 
need immediate financial rewards. 


Unfortunately, also, the irregular progress of the 
construction industry, associated with the ups and 
downs of the general economic situation, has a marked 
effect on the activities and incomes of architects. Should 
more stable conditions in construction be contrived, 
this effect will be minimized. 


EARNINGS 


A student who enters the profession through ‘‘training 
on the job’’, may expect a nominal salary of $10 or $15 a 
week to start with, and may rise to $50 to $75 a week. 
Graduates of professional courses at a university may 
start at $20 to $35 a week, and rise as employees to a rate 
of $60 to $100. The average salary of employed qualified 
architects was, in 1941, $2250. It is probably larger now, 
following the trend of such related professions as En- 


ma | 


gineering, where a salary of $3000 for junior positions 
has been aimed at in a schedule prepared by one provincial 
association. 

Architects on their own account may, in normal times, 
receive a net income of $5000 or even $10,000. This is 
derived from a percentage fee on buildings designed and 
supervised, ranging from 6 per cent for larger contracts 
to 10 per cent for small. 

Out of these fees the architect must pay all his ex- 
penses, including the fees of consulting engineers. 

In goverment and municipal employment, architects, 
who must be experienced, can expect from $3000 to $6000 
a year. 


ORGANIZATIONS 


Royal Architectural Institute of Canada (composed 
of members of all Provincial Associations) 
Architectural Institute of British Columbia 

Alberta Association of Architects 

Saskatchewan Association of Architects 

Manitoba Associations of Architects 

Ontario Association of Architects 

Province of Quebec Association of Architects 
Architects Association of New Brunswick 

Nova Scotia Association of Architects 


The Royal Architectural Institute of Canada is allied 
with the Royal Institute of British Architects. 


TRENDS 
Number in the Profession 


The 1941 Census listed about 1,300 architects. The 
number registered with provincial Associations was 960 
in 1944, and 1070 in 1947. 


Age Distribution 


About 30 per cent of architects in Canada in 1941 were 
over 55 years of age, and only 489 were under 45. In 1947 
no fewer than 40 per cent were in the age group 57-and- 
over, and fewer than 20 per cent were under 37 years 
of age. 


Sex Distribution 


Of the 1,300 above mentioned, only twenty were 
women. 


Comparison With Related Profession 


The number of architects quoted compares with 
about 6,000 in the nearest related profession, that of 
‘Civil Engineer’’. 


Geographical Distribution 


Of about 1,200 architects registered in 1948 with the 
various provincial associations, almost 80 per cent were 
in Ontario and Quebec. Most were located in cities of 
over 30,000 population. 


Industrial Distribution 


In 1941, half of the number of architects were in 
private practice, one-fourth employed in the building 
and construction industry, one-tenth in public works 
departments of governments and municipalities, the 
remainder in primary and secondary manufacturing 
industries. 


Growth 


The number in this profession was virtually unchanged 
in the decade 1931-41, and showed, in the latter year, an 
increase of 130 only over the 1921 total. This increase, 
amounting to just over 11 per cent, compares with 31 per 
cent for the population as a whole for the twenty years, 
and 18 per cent in the decade 1921-31. It reflects the 
instability of economic conditions between the wars, 
and their great deterioration in the 1930’s resulting in 
the lack of permanent building, and indeed the serious 
deferment of most necessary construction. 

The degree of unemployment in the profession may 
be very severe in times of construction lags, and, on the 
other hand, a recovery of construction activity may 
provide far more work than can be handled. Since 50 per 
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cent of architects are in private practice, no data are 
available on the degree to which these extremes affect 
the profession. 


Present Demand and Supply in this Profession 


Apart from private practice, there is at. present a 
marked shortage of architects for salaried employment. 
In spite of this demand, the proportion of architects 
recorded by the Bureau of Technical Personnel as entering 
new employment during the fiscal year 1946-47 was only 
1.6 per cent, or 87, out of a total of 5437 professional 
placements. This compares with 16 per cent in civil 
engineering, 15.7 in mechanical engineering, and 12.8 
in electrical engineering. 

In the 25-year period 1921-45 total graduates in archi- 
tecture numbered 544, an average of about 22 per year. 
In addition to these, however, there was a very small 
(possibly 30) supply of registered students who did not 
attend university, but wrote the Provincial Association 
examinations. Enrolment in the four schools in 1944 
totalled 118; in the academic year 1947-48, there were 
52 students in the final year, 90 in the 4th year, 222 in 
the 3rd year, 246 in the 2nd year, 235 in the first year, and 
11 preparatory, in the five schools. A very large proportion . 
of these students were veterans. The current trend is 
therefore towards an increased number of graduates, 
apart from student draughtsmen whose number would 
be limited by the number of practising architects pre- 
pared to accept them for training. 1945 graduates num- 
bered only 17. 

Present conditions are distinctly abnormal. What 
they will be when the two large veteran classes graduate 
depends on unpredictable factors outlined later in this 
monograph. 


Future Prospects 


The short-term outlook is excellent for qualified 
architects, and their student draughtsmen will, no 
doubt, be acquiring unusually extensive experience. 

Long-term prospects are very largely dependent on 
the factors outlined below. 
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Qualifying Factors Affecting the Future of the Profession 


(a) Major economic changes, such as a falling-off 
in export trade, or its expansion, will govern all industrial 
construction and the more elaborate private housing. 


(b) Public construction of bridges, canals, such 
major undertakings as the St. Lawrence Seaway, power 
plants, large government buildings, or new parks, and 
town-planning will create a larger field for the architect. 


(c) Delays in construction projects caused by material 
and labour shortages have already occurred, and high 
material prices, in part caused by export demand, are 
now a factor in slowing up industrial as well as domestic 
building plans. 

(d) Since this is largely an urban profession, an 
increase in urbanization will act favourably. On the other 
hand, greater prosperity and a desire for improved build- 
ings may lead to some expansion in such provinces as 
Saskatchewan, where architects are very few (1 to 132,453 
population) outside of the cities. 


(e) An era of over-expansion, excessive credit, and 
inflation, such as the first decade following World War I, 
would be likely to have the same effect on the profession 
as did that one. 


(f) Technological changes in materials and the 
function of buildings are likely to give greater oppor- 
tunities to the progressive architect, while possibly affect- 
ing the more conservative adversely. Some architects 
have their own preference in styles, and the adaptation 
of old styles to new conditions may be difficult. 


(g) Immigration, if in quantity, would have a delayed 
effect of a favourable nature. 


Conclusion 


The short-term outlook is good in this profession; 
unpredictable factors govern what comes later. It is 
clear that the profession has not been over-crowded, and 
that while there may not be any future surplus of persons, 
the annual accessions to its ranks from 1950 on will be 
much more numerous than the average in the past 
quarter-century. 
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BIOLOGIST 
MONOGRAPH 22 


Biology is the science of life or of living things. Among 
scientists and engineers biologists form a comparatively 
small group, but this should not be taken to mean this 
field is in any way unimportant. On the contrary, the 
study of plants and animals is at the very root of a number 
of types of professional work. 

Its application lies in four main areas, the first of 
which is, of course, biology itself. The principal functions 
under this heading are teaching and research, which 
must be linked together because teaching, to be useful, 
must constantly be tapping new fields of knowledge. 


Another obvious application of biology is to be found 
in the study and practice of medicine. 

A third group of opportunities for biological scientists 
is to be found in the great primary industries, agriculture, 
forestry, and fisheries, which themselves deal entirely 
with living things. These involve problems of breeding, 
nutrition, health and disease very much like those which 
face the medical man in his work among human beings. 


The importance of the fishing industry in the Cana- 
dian economy has, especially, led to increasing oppor- 
tunities in government service in the field of fisheries 
biology, involving a very wide range of activities. The 
field covers fresh-water as well as salt-water fish. 

In the manufacturing industry there is further scope 
for the biologist in the preparation of drugs and disin- 
fectants, insecticides and weed controlling agents, and 
in all processes involving fermentation, to mention only 
a few fields. 

Biology as a science is often divided into two great 
branches, namely, zoology (having to do with animals) 
and botany (the science of plants). Each of these two 
branches covers such a tremendous field of study that 
they are usually treated as separate subjects. Such further 
divisions as bacteriology, entomology, and physiology 
claim their share of students. 
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Regardless of the specialized course of study or type 
of career selected, however, biological science is always 
concerned with certain definite aspects of animal or plant 
life. It begins with morphology, the study of the actual 
form of the living animal or plant. In this way are set up 
the systems of classification of living things without 
which orderly study would be impossible. 


This is followed by the examination of the normal 
functions of the particular form of life being investigated, 
its origin, habits, and distribution. From this point the 
study may branch out into a more specialized treatment 
of nutrition, disease, breeding, or, in the case of harmful 
forms of life, the most adequate means of control. 


It will be seen from the above that the type of employ- 
ment available to those who take up biology as a career 
is pretty definitely determined in advance. There will be 
posts in government. departments or other public agencies, 
particularly those concerned with natural resources. 
University teaching appointments will be available for 
a certain number of graduates who will normally combine 
teaching duties with a more or less constant programme 
of research either in the laboratory, or in the field, or 
both. In the case of opportunities in industry there will 
quite likely be a trend towards a wider appreciation of 
the contribution that the biologist can make in many 
industrial processes. 


When this profession is being considered by anyone 
who has yet to embark on university training, it is impor- 
tant to emphasize that good biological work requires 
sound fundamental knowledge of chemistry and physics. 
An interest in, and an aptitude for, the study of various 
forms of life is an obvious requirement. 


CHEMIST 
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The profession of chemistry is probably the most 
diversified of occupations. The dictionary definition of 
chemistry is ‘‘that branch of science which deals with 
the several elementary substances, or forms of matter, 
of which all bodies are composed, the laws that regulate 
the combination of these elements in the formation 
of compound bodies, and the phenomena that accom- 
pany their exposure to diverse physical conditions’’. It 
will be noted from this carefully worded definition that 
all material things are within the field of chemistry. 


FIELD OF CHEMISTRY 


It is natural that such a broad field should be divided 
for the purpose of specialization. The main divisions are 
organic chemistry, inorganic chemistry, biochemistry 
and physical chemistry, and each of these has fairly well 
recognized subdivisions. 


Organic Chemistry is applied to carbon compounds 
and includes the following subdivisions: proteins, syn- 
thetic resins and plastics, petroleum and fuels, resins, 
gums and varnishes, textiles, dyes, wood, paper and pulp, 
rubber and related synthetics, fuels and carbonization 
products, explosives, oils, fats, waxes and soaps, alcohols 
and their derivatives, solvents, cellulose, sugars and 
starches, organic acids, leather and protective coatings 
(paints, etc.) 


Inorganic Chemistry is applied to non-carbon com- 
pounds and has the following subdivisions: alkalis, nitro- 
gen, sulphur and its compounds, industrial gases (ammo- 
nia, oxygen, refrigerants), inorganic acids, (sulphuric, 
hydrochloric, nitric), industrial water chemistry, metals 
and their compounds, inert gases (helium, neon, argon), 
composition building materials, halogens (fluorine, chlo- 
rine, bromine, iodine). 


Biochemistry deals with living organisms and is applied 
to: food (composition and treatment), agriculture (soils, 
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disinfectants, insecticides, fertilizers), pharmaceuticals 
(drugs, perfumes, etc.), municipal water, fermentation, 
nutrition (food requirements), and physiology. 


Physical Chemistry is concerned with the natural 
laws that govern chemical transformation. It is applic- 
able to any material and includes the following sub- 
divisions: reaction kinetics, electrochemistry, photo- 
chemistry, colloid and surface chemistry, atomic and 
molecular structure, corrosion chemistry, and thermo- 
dynamics. 


Within each of the branches of chemistry listed above, 
there are different kinds of work for the chemist to do. 
The principal functional specializations are research and 
the control of production processes. There are, however, 
many others in which the chemist may specialize, such 
as analysis, teaching, patents, sales and technical service, 
consultation and administration. 


EDUCATIONAL QUALIFICATIONS 


A chemist today must have at least a B.A. or B.Sc. 
degree with a ‘‘major’’ in chemistry. A post-graduate 
degree (M.A., M.Sc., Ph.D.) is frequently required for 
positions in research and teaching and for the better 
positions in industry. 


After obtaining his bachelor’s degree and thereby 
entering the profession, the student may begin its practice 
or may choose to take further university training leading 
to a Master’s or Doctor’s degree. It is at this point in his 
career that he encounters original research, and must 
choose a comparatively narrow field for specialization. 
In fact, the most important research problem of his 
career is probably the selection of his specialty. 


CONDITIONS OF WORK 


Some generalization is possible in regard to the eon- 
ditions under which the chemist works. Few set up 
private practices as do medical doctors, lawyers or archi- 
tects. Most chemists work for large organizations such 
as manufacturing companies, government laboratories 


or educational institutions. These are almost always 
located in or near large centres of population, so that 
the typical chemist is a salaried man living in an urban 
community. The remuneration received is about the 
same as that of other branches of science and engineering 
at the same educational and experience levels. Because 
he works for a large organization, the typical chemist 
has a high degree of financial security but, on the other 
hand, he has less opportunity to obtain the high incomes 
that are received by successful men in private business. 
It can be said, therefore, that in general the chemist 
has a secure environment in which to conduct his work, 
and if the work itself is his chief interest this condition 
will be satisfactory. On the other hand, if the student 
is primarily interested in independence and financial 
gain, there are probably other occupations that will suit 
him better. 


WOMEN IN THE OCCUPATION 


Discounting the number of women employed as 
pharmacists, the number of female chemists gainfully 
occupied in 1941 was only about 180. Out of this number, 
the majority (135) were employed in the service industries 
and the remainder in manufacturing. Over 40 per cent 
(74) of the women chemists were employed in ‘‘Health’’ 
work; only three were shown under ‘‘Education’’; 19 were 
in the employ of the Federal Government. As the fore- 
going indicates, the medical field offers, perhaps, the 
most favourable area of employment for female chemists. 
There are opportunities in this field for women analysts, 
technicians and research assistants. A promising field 
for female chemists with library training or experience 
is in chemical library work. There is the possibility of 
more women entering the manufacturing field as analysts 
and research workers. Precedent for this was established 
in the war just past. The fact that it is becoming physic- 
ally easier to operate large-scale chemical equipment 
will also open up the field to women. The trend, however, 
towards the greater employment of women in manu- 
facturing occupations will probably develop slowly. 
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AGE DISTRIBUTION 


Only 8 per cent of the total number of chemists and 
metallurgists were in the age group 55 and over in 1941, 
This compared with an average of 13 per cent of all pro- 
fessions. Nearly 60 per cent fell in the age group 18-34. 
It would thus appear that the number of openings occa- 
sioned through retirement or death will be slight. 


Statistics issued by the Bureau of Technical Personnel 
in January 1946, bear out these percentages for chemists. 
The contrast between chemists and engineers, so far 
as age is concerned, is quite striking. Using the B.T.P. 
figures, 23 per cent of all engineers were in the age group 
56 and over, as compared with 7 per cent (plus) for chem- 
ists; in the age group 16-35, 37 per cent as against 60 per 
cent for chemists. It can be concluded, therefore, that 
openings for chemists because of retirement or mortality 
factors will be considerably fewer than for engineers as 
a group. 


GROWTH 


The number of chemists and metallurgists (including 
employee-pharmacists) jumped from 3,318 in 1931 to 
8,202 in 1941, an increase of 147 per cent. Leaving out the 
pharmacist group, the increase arrived at is approxi- 
mately 130 per cent. It would appear that between 1941 
and 1945 there was a further increase of 35 per cent. The 
slower rate of increase in this latter period may be ac- 
counted for by a decline in the number of graduates 
during the war years. 


The marked expansion in numbers in the decade 
1931-41 was largely due to the greater utilization of the 
chemist’s skills in manufacturing. 


The discovery of new chemical products, processes 
and methods makes for a greater demand for chemists 
and other technical personnel. The extent to which 
industry is willing and economically able to utilize tech- 
nological innovations will determine the degree of demand 
occasioned by this factor. 


Although the demand for chemists is not as strong 
as it was in the war years, it still remains firm. No appre- 
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ciable difficulty was encouraged in the placing of graduate 
chemists in 1947, and placement of 1948 graduates has 
been very satisfactory. From its survey of employers, the 
Bureau of Technical Personnel estimated that there 
was a potential demand for 1,100 chemists in the five- 
year period 1947-51. Past trends and the greater 
emphasis given to scientific endeavour today would 
indicate continuing expansion in the field of chemistry. 
Chemistry is a dynamic and not a static field, one in 
which new discoveries tend to give rise to new employ- 
ment opportunities. 


ORGANIZATIONS 


Chemical Institute of Canada 
18 Rideau Street, Ottawa. 


This Institute is the national organization for chem- 
ists and consists of 26 local sections. Student chapters 
are also maintained by the Institute at most Canadian 
universities. Membership in this organization offers a 
good means of keeping in touch with new developments 
in the field cf chemistry. 
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Geology is one of the natural sciences and may be 
briefly defined as dealing with the constitution and 
structure of the earth. Canadian geologists are concerned 
primarily with rock formations and mineral deposits. 
Systematic examination of the country started with 
the organization of the Geological Survey of Canada in 
1842. It has been continued ever since by that organiza- 
tion of the Federal Government, complemented by provin- 
cial Geological Surveys or Departments of Mines, and 
by private individuals and corporations. Obviously it is 
of prime importance to the people of Canada to find out 
what the country contains. Much of the pioneering work 
in this field is done by geologists and they are concerned 
with the progressive development of the mineral resources 
of the country at every stage. 


DUTIES 


The field of the geologist is a broad one, and he is 
called on to do many different types of work. Field work 
generally involves mapping. This ranges from rough 
reconnaissance surveys to very detailed mapping of mining 
properties. The strictly geological part of this work begins 
with mapping of bed-rock and soils, just as the topo- 
érapher maps roads, buildings, and other surface features. 
The different kinds of minerals and rocks must be dis- 
tinguished by study of their various chemical and physical 
properties. The structural and age relations of rock 
bodies, and such other features as will contribute toward 
an understanding of the origin and history of the outer 
part of the earth, must be noted and recorded. Field 
work is usually supplemented by laboratory studies of 
minerals and rocks. 


Most geologists are concerned directly or indirectly 
with the finding or exploitation of deposits of the various 
metals, and of coal, oil, or other mineral raw materials 
needed by mankind. Some deal with soils, water supply, 
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control of streams, selections of sites for dams, reser- 
voirs, buildings, etc. 


Results of field and laboratory studies are ordinarily 
presented on maps and in written reports. Those prepared 
under government auspices are printed and made avail- 
able to the public. 


Most of the positions available in Canada are suitable 
only for men, but a few women are employed in museums 
and laboratories. To do effective geological work it is 
necessary to have an elementary knowledge of physics 
and chemistry, and a sound knowledé¢e of minerals, rocks, 
and rock structures. Training in various methods of 
surveying and mapping is necessary and some knowledge 
of additional subjects, such as mining and geophysics, 
may be desirable, depending on the particular field of 
endeavour. | 


PERSONAL QUALIFICATIONS 


Those who have a good physique and who love the 
out-of-doors, travel, and adventure, will find geological 
field work a natural outlet for their energies. For those 
who prefer more centralized and detailed work there 
are many jobs in mines and a few in commercial labora- 
tories, in schools, or in universities, which would be 
to their liking. Success in any of these departments will 
depend on the intelligence, diligence, initiative, and 
judgment of the individual. 


TRAINING 


Training for geological work is obtained at a university, 
where a student may register in an arts, science or 
engineering faculty and proceed to a Bachelor’s degree. 
Advanced training is normally required, and the Ph.D. 
degree is usually obtained after three or four years of 
post-graduate study. The Ph.D. degree is required for 
geologists entering the Geological Survey of Canada. 
Summer jobs in the field are important in the training 
of the student geologist. A number of student assistants 
are employed each summer by the Dominion and Pro- 
vincial Geological Surveys. 


The work of the geologist is closely related to that 
of the prospector on the one hand and the mining engineer 
on the other. He occupies a very important position in 
this regard, as he furnishes a scientific interpretation of 
the prospector’s discovery and provides the geological data 
which enable the mining engineer to develop a mineral 
deposit into a mine. 


Steady work is normally available for adequately 
trained geologists, either working for government organ- 
izations or privately employed. Government work, and 
work with the larger mining companies, is the most 
dependable. Work with smaller mining companies fluc- 
tuates with depressions and booms. Annual holidays with 
pay are normally provided. 


Geological field work is one of the healthiest types of 
activity, usually entailing outdoor employment for most 
of the summer months. 


PRESENT STATUS AND TRENDS 


Rapid expansion of the mining industry in Canada has 
demonstrated the widespread occurrence and great 
value of our mineral resources, yet only about 11 per cent 
of Canada has been investigated by geologists adequately 
as a basis for intelligent prospecting. 


The enormous amount of preliminary work required 
in the little-known parts of Canada, together with a 
comparable amount of detailed geological work neces- 
sary to develop and exploit valuable deposits when found, 
will require all the well trained geologists we can produce 
for many years ahead. 


ORGANIZATIONS 


The Canadian Institute of Mining and Metallurgy, 
906 Drummond Building, Montreal, Quebec. 
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The study of Physics is distinguished from that of other 
branches of knowledge both by its method and its content. 
While it attempts to co-ordinate what we can discover 
about the properties of material things, and even (to a 
limited extent) to utilize the co-ordinated knowledge to 
the advantage (or disadvantage) of mankind, it is not to 
be confused with engineering. It is one of the primary 
requisites of a physicist that he be capable of a certain 
degree of abstraction in his mental habits; that he rely 
on broad principles rather than on codified (hand-book) 
data. 3 


Physicists have, in emergencies, performed with re- 
markable success duties which would ordinarily fall upon 
engineers. However, they would not usually be regarded 
as experts in that field, since they lack the economic 
principles which constitute the main discipline of en- 
gineers. Yet it would often be hard to say where physics 
ends and engineering begins. A competent experimental 
physicist should possess some engineering skills, and an 
engineer who knows (and appreciates) some physics is — 
every physicist will admit — a better engineer. 


Perhaps it is the emphasis on mathematical methods 
which most clearly sets apart physics from other sciences. 
An experimentalist, while not making a great deal of use 
of formal mathematics, thinks in terms of quantitative 
relationships, and his analyses, though verbal, are none 
the less mathematical. Yet it would be an error to think 
of a physicist as an applied mathematician. The labora- 
tory is the ultimate, and only, authority recognized by a 
physicist. Applied mathematicians make use of physical 
concepts but their almost complete disregard of the verdict 
passed by the laboratory on their conclusions sets them 
quite apart from physicists, however ‘‘theoretical’’ the 
latter may be. 
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TRAINING OF A PHYSICIST 


The first years of a physicist’s training are devoted 
largely to the accumulation of physical facts. The broad 
principles of physics cannot be made intelligible until a 
sufficient number of examples are available to illustrate 
them—start inductively, not deductively. Young men 
have an enormous capacity for absorbing information (if 
it is to their liking), and all the major Canadian univer- 
sities offer good facilities for filling them up. After two 
years of university training (in which a fair emphasis is 
rightly placed on mathematics), the student of physics 
should begin to perceive, in outline at least, some of the 
fundamental principles of his subject. These should 
become part of his actual mental habits before his four- 
year undergraduate course is completed. 


If the student is fortunate enough to be able to con- 
tinue his work for a post-graduate degree (and there are 
an increasing number of opportunities for him to do this), 
his general training can continue while he carries on 
research work along some special line. The particular 
research problem which he may tackle is of little im- 
portance. He is still at the learning stage, but learning 
no longer from lectures and demonstrations alone. 


The enormous accumulation of physical knowledge 
makes it nowadays completely impossible for any one 
man to survey the whole, even in a very superficial way. 
As in many other departments of knowledge, specializa- 
tion of some kind is eventually necessary. One should, 
however, never lose sight of the fact that a thorough 
basic training makes it relatively easy to change from one 
special branch of physics to any other—the same funda- 
mental principles dominate all branches. 


THE BRANCHES OF PHYSICS 


The subdivision, familiar to every schoolboy, of physics 
into heat, light, sound, etc., is made largely for pedago- 
gical convenience. We may take these ‘‘subjects’’ for 
éranted, and simply list a few of the main lines of research 
which are being prosecuted most actively at the present 
time. The list will give a rough idea of some of the topics 
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in which instruction and research experience can be 
obtained at a Canadian university. 


Spectroscopy—atomic and molecular 
Quantum Mechanics 

Theory of the Solid State 

Nuclear Structure 

X-Ray Spectroscopy and Applications 
Low Temperature Physics 

High Pressure Physics 


These are just a small selection from the total which 
includes innumerable items of so-called ‘‘general phys- 
ics’’. 


SPECIALIZED BRANCHES 


The practical physicist and the engineer are fused 
together by a training in engineering physics, now avail- 
able in several Canadian universities. The course, which 
appears to satisfy a definite demand, turns out engineers 
rather than physicists, but engineers with a flair for 
thinking akin to that of physicists. On the whole, the 
plan has been successful, and many students contemplat- 
ing the study of physics might well compare and con- 
trast ‘‘straight’’ physics with engineering physics. Some 
branches of physics (for example, aerodynamics or elec- 
tronics) might appeal to the type of student who is at- 
tracted to engineering physics. 


Of the many specialized activities into which a man 
trained in physics might enter, we might mention the 
field of biophysics, in which he places the scientific method 
at the service of biological science. The latter is essentially 
a qualitative and descriptive study, and although some 
finesse is required to bring about a rapprochement of 
physicists and biologists, the results achieved so far are 
very promising. 

Meteorology is a subject (a branch of physics, in fact) 
which a physicist might well cultivate. It is perhaps in a 
research capacity that he could here be employed to 
advantage, and the tendency to make him a forecaster of 


weather is deprecated by some members of the profession. 
However, meteorology is a field in which increasing op- 
portunities for physicists are becoming evident. 


Closely related is another special branch of physics: 
geophysics. If the physicist resists the temptation to 
become a prospector, he can work in seismology or study 
the radioactivity of rocks, the structure and movements 

of the earth, — in short be a geophysicist. It is a field in 
_which opportunities will increase in the future. By con- 
_ trast, astrophysics might attract a physicist to a univer- 
sity or observatory where he could reasonably expect his 
work to be of no military or economic value (yet). 
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AERONAUTICAL ENGINEER 
MONOGRAPH 26 


Aeronautical engineering, originally a minor branch of 
mechanical engineering, has in recent years come to be 
considered rather as a specialized field of engineering. 


A person who is well trained in fundamental principles 
in one of the broader fields of engineering or science is 
qualified not only for entry into aeronautical engineering 
in its narrow sense but into the other engineering fields 
in the aircraft industry; viz. civil, electrical, mechanical, 
metallurgical, etc. 


It is difficult to estimate the future need for aero- 
nautical engineers in Canada. Much depends on the pro- 
érammes planned by the major aircraft producers, some 
of whom are pursuing an active policy. The National 
Research Council employs engineers for work in such 
special fields as Aerodynamics, Flight Research, Struc- 
tures, Hydraulics, Gas Turbines, Gas Dynamics and 
Supersonic Work. There is always the possibility of 
British interests expanding their Canadian activities. 


In Canada the field of opportunity for aeronautical 
engineers in general has been very limited, although 
during the second world war, and the period which pre- 
ceded it, there was a considerable broadening of scope. 
Since the war commercial requirements have not replaced 
the wartime military requirements, even though there 
has been some effort on the part of the Dominion Govern- 
ment to keep the aircraft industry alive and maintain at 
least a nucleus of trained personnel about which a sub- 
stantial industry could again be built in case of need. 


The value of a degree in aeronautical engineering ap- 
pears to have received undue emphasis in the minds of 
some prospective aviation enthusiasts. Training in this 
field is advisable only after the advantages of a good 
grounding in the broader fields of engineering or science 
have been stressed. 
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THE FIELD OF AERONAUTICAL ENGINEERS 


Apart from the aircraft industry the other potential 
fields of employment for aeronautical engineers in Canada 
are as follows: 


(a) Educational institutions 

(b) Research establishments 

(c) Airline operators 

(d) Feederline operators 

(e) Department of Transport 

(f) Department of National Defence (Air Force) 
(g) Fleet Air Arm 


Item (a) is practically a closed field since there is only 
one university having an aeronautical engineering depart- 
ment and since the number of students is bound to de- 
crease due to the reduction in demand for aeronautical 
engineering graduates. ' 


Field (b) may continue to absorb a few engineers but 
is generally less remunerative than other fields. 


Field (c) may offer a limited number of jobs in view of 
some contemplated route expansions and acquisition of 
new equipment. 


Fields (d), (e), (f) and (g) cannot be considered as prom- 
ising under present circumstances. The outlook could 
alter very quickly. 


FIELDS OF SPECIALIZATION 


Having outlined the serious limitations of opportunity 
for aeronautical engineering in Canada, it is also fair to 
point out the scope which this branch of the profession 
generally offers for the exercising of engineering ingenuity. 
While it is a specialized branch, it has at the same time 
many ramifications which are interlaced with other 
branches of engineering, as for example: 


Aero and Hydrodynamics 
Structural Design 

Stress Analysis 

Vibration 

Power Plants 
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Propellers 

Electrical: Controls, Instruments, Power 
Transmission, Illumination, Heating. 

Radio and Radar 

Thermodynamics 

Metallurgy 

Hydraulic Servos 

Mechanical Controls 

Air Conditioning 

De-icing and Anti-icing 

Fire Protection 


Engineers with a broad engineering background are 
capable of transferring from electrical, civil, mechanical, 
metallurgical engineering, etc., to aeronautical engi- 
neering and vice versa. 


DUTIES 


The aeronautical engineer is concerned with research 
in, and design and production of, all types of aircraft and 
parts. He usually gE EL in one or more phases of the 
following branches: 


Research—aerodynamics, hydrodynamics, aero en- 
gines, gas dynamics, gas turbines, supersonics, stress 
analysis, aeroplane parts and materials of construction, 
investigation of materials (alloys, metal, plastic and ply- 
wood); general layout of fuselage, hulls, tail, landing gear; 
weight control, production methods, tools and machinery. 


Testing—Flight and performance testing, wind tunnel 
and flight load investigations, model testing. 


Supervising—the assembly of airframes, and the instal- 
lation of motors; instruments and other equipment; the 
technical phase of air transportation. 


Air Transportation—communications; overhaul, inspec- 
tion and maintenance of equipment; air line routes, 
schedules and traffic control; development and regulation 
of airways and their use; landing field equipment. 

Other Specialties—Governmental regulations, includ- 
ing standards of design, construction, inspection and 
licensing of equipment; specification writing and patent 
development. 
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QUALIFICATIONS 


| Educational—minimum of Bachelor’s degree in aero- 
nautical engineering, or in some related branch of en- 
gineering; e.g. mechanical, civil, electrical, metallurgical. 
In the case of Trans-Canada Air Lines, while a partic- 
ular educational standard is not definitely stipulated for 
engineers’ positions, an engineering degree from a recog- 
nized university is generally required. In several instances, 
T.C.A. technicians (non-professional) having long ex- 
perience in specialized fields hold positions of responsi- 
bility equivalent to those of the engineers. 


SPECIAL PROBLEMS 


In all of the phases of his profession, the aeronautical 
engineer has been faced with the necessity of making an 
inexact science a bit more exact because of the stringent 
demands of the problems which he must solve. Every 
successful engineer must be a master of the art of com- 
promise, but none to such an extent as the aeronautical 
engineer. The complications added to design by the 
extreme necessity of maintaining lightness, as well as 
strength and rigidity, and of meeting a widely varying and 
rapidly changing set of conditions involving variables such 
as pressure, temperature, acceleration and humidity, 
coupled with the ever-present problem of production 
simplicity, sometimes seem to make the compromise 
impossible. 

Necessity has as usual brought forth inventiveness. 
The structural engineer and metallurgist have produced 
aluminum alloys weighing a little more than one-third 
as much as structural steel and having a yield point twice 
as high. But these alloys are as hard to handle as a thor- 
oughbred. They must be machined and formed with 
extreme care to avoid scratching and resultant fatigue 
cracks. All but the most gentle forming must be done 
when the material is hot; but the heat must be closely 
controlled, since if the temperature is too low, forming 
is impossible, and if too high, the material will have 
reduced strength after cooling. 


ORGANIZATION 
Engineering Institute of Canada, 2050 Mansfield St., 


Montreal. 


CERAMIC ENGINEER 
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Ceramic engineering is a branch of applied science 
which has been developed in the United States and 
Canada, during the last 50 years, to meet the growing 
demand for the men necessary for the industrial produc- 
tion of non-metallic products made at high temperatures. 
In many respects, ceramic engineering is to non-metallic 
materials as metallurgical engineering is to metals. In 
North America, the trend of ceramic production has been 
linked more to the machine than to the craftsman, 
so that efficiency in methods of production and plant 
design have given the engineer ample scope for his talents. 
The training of a ceramic engineer must, therefore, 
include a detailed knowledge of the occurrence and prop- 
erties of the raw materials with which he is concerned, 
such as clays, shales, feldspar, flint (silica), and also the 
numerous chemical compounds commonly used in 
ceramics. In addition, a background of mechanical, 
electrical, chemical, metallurgical, mining and combus- 
tion engineering are essential to his success. 


At the present time ceramic engineering is only a 
small division of the engineering field. 


INDUSTRIAL EMPLOYMENT 


A brief reference to some of the more common ceramic 
products will serve to illustrate the type of operation in 
which the ceramic engineer may find his occupation. 


In the production of structural clay products such 
as brick of all types, hollow structural tile, sewer pipe, 
flue linings, etc., the work of the ceramic engineer is 
usually confined to the larger plants where costly equip- 
ment and heavy production schedules demand his full 
attention. Smaller operators who are unable to afford the 
services of a full time engineer may require his assistance 
from time to time when difficulties arise. 


In the whiteware industry where high grade clays are 
used in conjunction with other materials, the ceramic 


engineer is needed to ensure the high quality of the 
products being made. Among the whiteware products 
are many well known classes of ware such as electrical 
porcelains for use as insulators on transmission lines 
and in electrical equipment, chemical porcelain, sanitary 
ware, chinaware, floor and wall tile, etc. 


The production of refractories, made from fireclays, 
silica, magnesite, chrome-magnesite, dolomite, and a 
growing list of less common oxide materials, is a very 
important industry. Without good refractory materials, 
it would be impossible to carry on high temperature 
industrial operations such as the production of metals, 
portland cement and glass, or to operate industrial boilers. 
The production of synthetic abrasives such as alumina 
and silicon carbide and the subsequent shaping and 
firing of abrasive wheels and cutting tools is an important 
industry. The portland cement industry, even though 
its production methods are established and its processes 
well known, is a field which is open to the ceramic 
engineer. 


The achievements of the glass industry have been well 
publicized and as one of the major branches of ceramics 
this offers many opportunities. The porcelain enamelling 
of metal in a wide variety of shapes, ranging from kitchen 
utensi's to bath-tubs, is an industry of increasing impor- 
tance. A careful technical control of the process is essen- 
tial to yield products that meet the requirements of 
colour, lustre and resistance to corrosion, abrasion and 
impact. 


TRENDS 


Relatively new fields of enterprise in which the ceramic 
engineer may anticipate the need for his services are the 
rock and mineral wool industry, and the production of 
light-weight aggregates from expanded shale and perlite 
for use in building materials. The demand for new types 
of ceramic materials or for combined ceramic-metal 
bodies in the construction of high temperature jet and 
gas turbine engines is also opening up new fields of 
opportunity. 
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The above outline gives some idea of the place of 
ceramics in the complex pattern of modern industry. 
In Canada, high grade clay deposits have not yet been 
developed and this has tended to inhibit the expansion 
of the ceramic industries. Cheap and abundant fuel is 
also a prime requisite for such industries. In spite of 
these disadvantages, the industries are making favourable 
progress in Canada, largely due to the zeal and ingenuity 
of its ceramic engineers. 


ORGANIZATIONS 


The Canadian Institute of Mining and Metallurgy, 
906 Drummond Building, Montreal, Quebec. 


The Chemical Institute of Canada, 18 Rideau Street, 
Ottawa, Canada. 
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CHEMICAL ENGINEER 
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Chemical engineering can be defined as ‘‘that branch 
of engineering concerned with the development and 
application of manufacturing processes in which chem- 
ical or certain physical changes of material are involved. 
These processes may usually be resolved into a co-ordi- 
nated series of unit physical operations and chemical 
processes. The work of the chemical engineer is con- 
cerned primarily with the design, construction, and 
operation of equipment and plants in which these unit 
operations and processes are applied. Chemistry, physics, 
and mathematics are the underlying sciences of chem- 
ical engineering, and economics its guide to practice’’. 


A unit operation is a physical procedure such as distil- 
lation or filtration. A unit process is a type of chemical 
procedure such as chlorination or oxidation. Most manu- 
facturing processes are combinations of several unit ~ 
operations and unit processes. The chemical engineer 
who has made a study of the principles of these unit 
procedures is therefore able to apply his skills in practi- 
cally every process industry, and is not limited to a knowl- 
edge of only one industry. As an illustration, petroleum 
refining, the industrial production of oxygen, and the 
manufacture of alcohol all employ the unit operation 
of distillation as a basic processing method, although 
the raw materials and products of the three industries 
are entirely different. 


It is not feasible, therefore, to list the industries in 
which the chemical engineer may find employment. It 
would, in fact, be simpler to list those in which chemical 
engineering can not be applied. If the reader of this 
article will look about him, he will see few objects that 
have not been influenced by the science of chemical 
engineering. Even the air he breathes may have been 
heated, cooled or humidified: heat transfer and humid- 
ification are two recognized unit operations of chemical 
engineering. 
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There is a general misconception that chemical en- 
gineering consists of about equal parts of chemistry and 
mechanical engineering. While it is true that chemical 
engineering overlaps these other sciences to some extent, 
it also covers a field that is not adequately dealt with by 
either of them. In industrial operations based on vaporiza- 
tion or extraction, for instance, the chemical engineer 
has the field to himself. The industries that employ both 
chemists and mechanical engineers, for example the 
petroleum refining industry, also employ large numbers 
of chemical engineers. 


An analysis of engineers in the various industrial and 
service groups leads to the conclusion that there are about 
1,800 chemical engineers in Canada at the present time, 
and this is confirmed by the fact that 1,729 were on record 
at the Bureau of Technical Personnel in January 1946. 


FUNCTIONS 


Some of the occupational functions within any given 
industry to which the chemical engineer applies his 
science can be classified as follows: 


Research and Development 

Production, Operation and Maintenance 
Management and Administration 
Inspection, Testing and Process Control 
Design, Construction and Installation 
Technical Service and Sales 

Consulting 

Estimation and Specification Writing 
Technical Writing and Editing 


Of these the one employing the most chemical engi- 
neers is development. All the steps that are necessary to 
take a process from the laboratory to full-scale plant 
production are the concern of the development staff. 
Many new problems arise as the result of handling larger 
quantities of materials. The whole success of a process 
may depend, say, on the filtering characteristics of a 
material or on the extent to which a rate of reaction can 
be regulated by addition or extraction of heat. It is to 
development, therefore, that the chemical engineer can 
frequently apply his special capabilities to best effect. 
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QUALIFICATIONS 


The required mental qualities are similar to those of 
many other branches of science and engineering. The 
chemical engineer requires facility for applying mathe- 
matics accurately to practical problems. Perhaps the 
greater part of his work will be setting up and solving 
problems involving the use of algebra, and he will also 
have to use calculus, trigonometry and other mathe- 
matical methods to a lesser extent. He cannot, therefore, 
be a successful chemical engineer if he lacks an aptitude 
for accurate numerical solution of mathematical prob- 
lems and an understanding of the simpler branches of 
mathematics. The second desirable mental aptitude is 
versatility. The chemical engineer will be called upon 
to learn quickly the basic chemical and engineering 
factors applying to a very wide range of processes. He 
will not go as deeply into his studies as the chemist or 
physicist, but in general he will have less time to solve 
his problems, and they will cover a wider range of materials 
and techniques. The ability to grasp quickly the essence 
of a technical problem is, therefore, a major requirement. 


The required qualities of character are also a conse- 
quence of the special nature of his work. It has been shown 
that the function of the chemical engineer is usually to 
undertake the development that is intermediate between 
discovery of the chemical and physical bases of manu- 
facturing methods and the operation of the methods 
on a commercial scale. The chemical engineer must, 
therefore, co-operate with and reconcile the viewpoints 
and techniques of the pure scientist, on the one hand, 
and the manufacturer, on the other. His success in his 
profession depends to a large extent on his ability to 
co-operate with different types of men, and frequently 
to disagree with them on technical matters without 
arousing antagonism. This type of co-operation is a 
difficult art to acquire, and the student should ensure 
that he has an aptitude for it before he enters the pro- 
fession. 
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ORGANIZATIONS 
The Chemical Institute of Canada, 18 Rideau St., 
Ottawa. 
Engineering Institute of Canada. 


REFERENCES 


‘*The Professions of Chemistry and Chemical Engineer- 
ing in Canada’’, 1948, by Dr. L. H. Cragg, Depart- 
ment of Chemistry, McMaster University, published 
by ‘‘The Chemical Institute of Canada’’, gives much 
valuable statistical material. 


The Chemical Institute of Canada: ‘‘The Economic 
Status of Chemists and Chemical Engineers in 
Canada’’, 1948. 
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CIVIL ENGINEER 
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In looking back to the early white settlement of what 
is now Canada, we find the earliest references to engineers 
relate largely to ‘‘military engineers’’, who came over 
from France and later from Britain to construct forts, 
make surveys, construct roads and lay out towns long 
before Confederation. Civil engineering was the first 
civilian branch to be established as distinct from military 
engineering, as witnessed by the formation of the Cana- 
dian Society of Civil Engineers (now the Engineering 
Institute of Canada) in 1887. Thus it is the oldest and 
longest-established civilian branch of the profession, 
though it did include some members from other branches, 
such as mechanical. 


NEED FOR NEWCOMERS 


Of all branches of the profession, civil engineering is 
the one within which advanced age is the most noticeable. 
Forty per cent of those registered are now nearing the 
retirement age. This means that over the next few years 
the needs for replacement will be heavy, particularly 
in transportation, public utility and other branches of 
public service. 


The student considering civil engineering as a career 
need not be over-concerned at the outset as to whether 
he will ultimately become a consultant, a _ structural 
designer, a contractor, a city manager, a top flight sales- 
man, an industrial executive or a top civil servant. The 
main thing is to get a start where he will see how things 
are done and where he may apply the fundamental prin- 
ciples he has learned at college to the problems arising 
in his day-to-day work. 


FIELDS OF PRACTICE 


A glance through a list of activities within the profes- 
sion which provide engineering employment shows a 
great variety of choice. Construction, with today’s volume 
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at an all-time record, heads the list, and includes employ- 
ment in contractors’ organizations or with utilities 
or government services that today undertake construction 
with their forces. Railway transportation uses a lot of 
engineering talent, though to a lesser extent than a few 
decades ago during the railway building era. The demand 
for civil engineers through the development of new 
sources of hydro-electric power will continue for many 
years to come. 


Municipal engineering offers many openings. Our 
accelerated population growth and the upward trend 
both now and in the short-term future in housing accom- 
modation is fast using up any surplus capacity of existing 
waterworks, sewers, streets, airports, transit facilities, 
calling for huge expenditures for reservoirs, aqueducts, 
sewers and disposal plants, paving and other service 
facilities. Here and in power development lie the best 
opportunities for the student interested in hydraulics. 
Even communications call for a reasonable proportion 
of civil engineering employees. 


Provincial highway departments, as well as public 
works departments both at Ottawa and in every province 
are in the market for many more young civil engineers. 
A large proportion of the civil engineers in these depart- 
ments are near retirement age. 


Irrigation and Drainage is another field that offers 
an interesting career, particularly in the Western prov- 
inces and to some extent (for drainage) in the Maritimes. 
Surveying practice in combination with municipal en- 
gineering offers opportunities for a definite number of 
civil engineers. 


Sales and service organizations in many an industry 
are a natural outlet for the talents of the civil engineer. 
Hydraulic and road-building machinery, railway rolling- 
stock, farm implements, building materials, all types 
of construction equipment, and appliances used for water 
and sewer systems; these are a few of the more obvious 
products that come to mind, where the young civil 
engineer should make a success at selling. Even in insur- 
ance, with its need for valuations, appraisals, inspectors 
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and rate setting, the man with training as a ‘“‘civil’’ is at 
a definite advantage over those who lack it. 


Community planning is a brand new field which should 
increasingly require engineering recruits. A further limited 
prospect for employment of ‘‘civils’’ arises in municipal 
management. A fifth of all cities of 10,000 population and 
under in the United States, as well as a quarter of the 
larger cities, have adopted the city manager system of 
government, thus providing an eminently suitable place 
for the civil engineer, particularly those who desire to 
establish a home life and interest themselves in com- 
munity affairs. 


ORGANISATIONS 


The Engineering Institute of Canada, 2050 Mansfield 
St., Montreal, P.Q. 


ELECTRICAL ENGINEER 
MONOGRAPH 30 


During the last fifty years, electricity has been the 
major factor in the phenomenal growth of industrial 
production of material wealth in Canada. The enormous 
electrical power developments that were carried through 
to completion in that period represent, however, only 
about 25 per cent of Canada’s known water-power 
resources, and it can be confidently predicted that for 
years to come we shall see continuous and increasingly 
rapid development on the remaining 75 per cent, thus 
assuring a correspondingly strong and stable market 
for the services of electrical engineers. 


Electrical engineering in the power field is concerned 
with the generation of electrical energy, its transmission 
and distribution, transformation, control and measure- 
ments, and utilization. Its chief branches may be set 
forth as: 


Power Systems 
Manufacturing and Mining 
Transportation 
Electrochemical 
Illumination 
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Another type of breakdown gives main divisions as 
follows: 


A. Education 

B. Research 

C. Design and Consultation 

D. Sales 

E. Operation and Maintenance 


The ramifications of electrical engineering are so 
extremely broad that no engineer can hope to attain a 
‘‘saleable’’ knowledge of more than a small segment of 
the field. 
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SPECIALIZATION IS BOTH LOGICAL AND INEVITABLE 


The term “‘specialization’’ should not be interpreted 
as implying a narrow range of knowledge or interest, 
since on the contrary it usually calls for a broad range; 
for example, engineering skill in the design of large 
synchronous generators, involves not only the thorough 
knowledge of the principles and practices underlying the 
electrical design of synchronous machines, but also an 
equally thorough knowledée of: 
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. Relation between generator design and system 
stability 
2. Magnetic and physical properties of materials 
3. Bearings and lubrication 
4. Heat transfer, air flow and ventilation 
5. Insulation, theory, materials and processes 
6. Balancing and vibration 
7. Windage, friction, noise 
8. Welding and brazing 
9. Costs of materials and manufacturing processes 
10. Manufacturing system and methods 
11. Tool design 
12. Brake design 
13. Generator relay and lightning protection 

The electrical engineer’s required knowledge frequently 
embraces substantial areas of other fields such as mech- 
anical, metallurgical, or chemical. For example, in 
designing a high voltage, reclosing oil circuit-breaker, the 
engineer has the mechanical problems involved in un- 
latching the mechanism, accelerating the mass of movable 
parts to break contact and move sufficient additional 
distance to allow the arc to be extinguished, then reverse 
the direction of motion and reclose the circuit—all within 
less than 1/3 second total time. 

In Canada, employment on pure research in the power 
field of electrical engineering has been negligible, and there 
is no indication of any immediate change. The continued 
and notable evolution in the generation, distribution and 
utilization of electrical energy can however be truly term- 
ent va 


ed the result of continuous research by Canadian engineers 
employed by utilities, manufacturers (especially those 
producing heavy electrical power equipment), and con- 
sulting engineers. Practically all design and consultation 
work is carried out by the engineers in this group. The 
designs of specific types of apparatus and co-ordinated 
groups of apparatus are produced almost exclusively by 
design engineers in the employ of manufacturers of 
electrical equipment. 


Canada has many large electrical utilities, and their 
operation requires very large engineering staffs to handle 
the necessary forecasting and planning, design, construc- 
tion, operation, and power sales. Water-power, steam and 
diesel engines are all used as power sources, but water- 
power outstrips the others by a very wide margin. This 
usually means that high voltage transmission lines are 
required to bring the power to load centres. 


Canadian industry is heavily electrified, and while 
manufacturers of electrical equipment have undoubtedly 
the greatest need for large staffs of electrical engineers, 
there are many other types of industry that also require 
substantial electrical engineering staffs. The quantity 
of electrical power and the complexity of the electrical 
systems and electrical drives used by modern paper, steel, 
non-ferrous and textile mills, chemical and automobile 
plants, mines, etc., is very large—sufficiently so to demand 
planning and operation by professional engineers. The 
constant trend towards the supplanting of labour by 
automatic operations will correspondingly increase the 
need for trained engineers. 


The complexity of the equipment used for the genera- 
tion, distribution, utilization and control of electrical 
energy gives a very large field for engineering employment 
in the selling of such equipment. Whether or not the 
purchaser has his own engineering staff, it is still neces- 
sary for the commercial man to be thoroughly versed in 
the application requirements and the engineering features 
of the equipment he is handling, and capable of making 
sound recommendations to his clients. 
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The electrical engineer specializing in illumination 
work may be concerned with lighting in homes, offices, 
or industrial establishments, airports, freight yards, 
playing fields. The work of the illumination engineer 
ranges from research through design to application. It 
is probable that the major portion of employment is in 
connection with application and the corresponding selling 
activities. Airport lighting systems owe their present 
satisfactory stage of development to the electrical en- 
gineer. 


A small but very important and intriguing area of 
electrical engineering activity is ‘‘measurements’’. Nearly 
every activity with which the electrical engineer is con- 
cerned involves measurement, either for control or meter- 
ing purposes. The electrical engineer is responsible in 
many cases for the desig¢n and manufacture of the neces- 
sary instruments. 


An appreciable number of engineers find interesting 
employment in the large field covered by the design and 
merchandising of household electrical appliances. Items 
such as electric refrigerators, washing machines, and 
ironers, are reaching the class of necessities, and the 
engineer faces the challenge to continually produce new 
devices and better devices. 


The electrical engineer has wide scope in the transpor- 
tation field. The street car still holds its own when oper- 
ating under suitable conditions, and the trolley bus is an 
important aid in solving urban transportation problems. 
Diesel electric locomotives are in high favour for switching 
operations. The Prince Edward Island Ferry ‘‘Abegweit’”’ 
is an outstanding example of the possibilities of electrical 
ship propulsion. 


A little known subject in electrical engineering is 
‘“‘switchgear’’ with a range of devices ranging from the 
high voltage circuit-breaker to automatic controls guided 
by supersensitive relays with almost human intelligence, 
that can take care of anything from a large generating 
station to a paper machine drive. 
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The field of communications is one of the major divi- 
sions of electrical engineering. It consists of 3 major 
sub-divisions: ; 


Telegraph 
Telephone 
Radio 


The telegraph industry was the first to develop, reach- 
ing its peak rate of expansion of facilities before 1900. It 
has continued to grow and many improvements have been 
added, including the multiplex system which permits 
the sending of many messages at the same time, the 
teleprinter, automatic relaying and finally automatic 
telegraphy. The telegraph industry is still very important 
as it carries a large share of today’s volume of messages. 
Comparatively few electrical engineers are employed in 
this industry, mainly on research and development 
projects and to some extent on maintenance. 


The telephone industry’s development is characterized 
by many technological improvements, many of which 
were developed by electrical engineers. Engineers are not 
used to any great extent in this industry in the operation 
of the system itself. Generally, their major functions 
are research and development, and the solving of problems 
surrounding the expansion of facilities. The industry 
will undoubtedly expand in the future. The introduction 
of improved facilities (such as co-axial cable) will con- 
tribute to the growth of the industry. Employment of 
engineers is not expanding much. 


Since 1920 the radio industry has been expanding very 
rapidly. The number of engineers in radio broadcasting 
has been increasing, and the introduction of frequency 
modulation and television will undoubtedly cause further 
increase. 


A high proportion (perhaps 40 per cent) of the electrical 
engineers employed in the communications industry 
group are engaged in research, desig¢n, development and 
similar functions. In the telephone industry, for example, 
these positions cover a wide range from that of an engineer 
developing a new piece of equipment to an engineer 


making a critical study of a telephone plant to obtain cost 
data. About a third of communications engineers are in 
management positions. About 15 per cent are employed 
in work dealing with operation, inspection, maintenance 
or installation. 


Considering all three parts of the communications 
industry, employment of electrical engineers is not 
expected to increase very much. The number of telephones 
is expected to increase considerably, but this expansion 
will not require a proportionate increase in engineering 
employment. Radio broadcasting and allied fields offer 
the best chance for increase in the use of engineers. 


There are hundreds of facets to electrical engineering, 
and whether in power generation and distribution, manu- 
facturing, design, communications, research or sales, 
each and every one can be of fascinating interest and a 
source of satisfaction to the true engineer’s inherent 
desire to do something thoroughly worthwhile. 


TRENDS 


The number of electrical engineers in Canada increased 
between 1921 and 1941 at a rate of over four times that of 
the population growth as compared with a rate of about 
twice the population growth for the engineering profession 
as a whole. 


In the period from 1920-1944 a total of 2,970 students 
graduated as electrical engineers in Canada. 


Evidently the trend towards an increasing interest in 
this branch of engineering is continuing. In 1941 the 
percentage of electrical engineers in the engineering pro- 
fession was about 22; in 1946 the percentage of veteran 
students registered in the engineering courses who 
expressed their intention to become electrical engineers 
was about 27. Consideration should be given to the possi- 
bility of overcrowding if this trend continues. 


Unlike civil engineering, this branch of the profession 
does not have a high percentage in the upper age group. 
The percentage of persons over 55 in electrical engineering 
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is about the average for all occupations (17 per cent). 
In January 1946, out of 4,013 whose ages were on record 
there were 682 over 55 years of age, and there were 690 
between the ages of 45 and 54. It appears, therefore, that 
openings created by retirement will be more numerous in 
some of the other branches of the profession than in 
electrical engineering. 


PROFESSIONAL ORGANIZATIONS 


The Engineering Institute of Canada, 2050 Mansfield 
St., Montreal, P.Q. 
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FOREST ENGINEER AND FOREST SCIENTISTS 
MONOGRAPH 31 


The forests of Canada are of primary importance in 
the economic development of the country, covering as 
they do more than one-third of the total land area. 


Productive forests contain 813,100 square miles, of 
which about 435,000 square miles are considered to be 
accessible. Nearly 70 per cent of the total accessible stand 
comprise softwood species. Softwoods, or coniferous 
species, supply the greater part of the world demand for 
wood products, and Canada possesses the principal 
reserves of this class of timber within the Commonwealth. 


The Statistical Record of the Forests and Forest 
Industries of Canada, 1947, published by the Dominion 
Forest Service, Department of Mines and Resources, gives 
the following figures as to accessible timber of merchant- 
able size in Canada: 


Saw Smalier 

Timber Material Total 

Millions of Thousands 
feet board Thousands rt) 

measure of cords Cubic Feet 
Maritime Provinces................ 15,555 109,905 12,452,925 
CPUC CO) Be ee cies aids Sa Oo cebee hie 55,500 629,450 64,603,250 
MPR C ATOM ir fo. bark S24. 53,950 559,930 58,384,050 
Prairie Provinces. <4 466.0% ees wes o% 15,505 199,135 20,027,475 
BSC RGIG UDC RUDENDIDUA es cy cca so ales 109,740 186,290 35,879.900 
ATS 0 Det ee en ee ne 250,250 1,684,710 191,347,600 


The occupied forested areas comprise 269,420 square 
miles of which 47.2 per cent are held under pulp and paper 
licences, 9.4 per cent under saw timber licences, 6.2 per 
cent under timber sales and permits, 24.3 per cent are 
owned by corporations and other private interests and 
12.9 per cent are classed as farm woodlots. 


Total depletion of merchantable timber averaged 
about 3,300,000,000 cubic feet annually for the ten-year 
period 1937 to 1946. In the same period wastage by fire, 
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insects and fungi averaged 853,500,000 cubic feet, varying 
from a peak of 35.8 per cent of the total depletion in 1936 
to 17.2 per cent in 1946. 


Lumber production in Canada reached an all-time 
high in 1947 when an estimated 5,346,000,000 board feet 
were produced. About 45 per cent of this production comes 
from the Coast Region of British Columbia. Exports of 
lumber amount to almost 40 per cent of the total output. 


The manufacture of pulp and paper is considered one 
of Canada’s leading manufacturing industries, and its 
products form the main items in our export trade. News- 
print paper, the most important product of the industry, 
reached a record production in 1947 of about 4,446,800 
tons, of which 95 per cent is exported. 


In comparison with the export trade, the amount of 
forest products imported into Canada is relatively small. 
In 1947, a favourable trade balance of $797,517,879 resulted 
from the traffic in wood, wood products and paper. 


TRENDS 


While it is probably true that exploitation with only 
minor consideration for future growth may have been 
unavoidable in the pioneering period in Canada, and a 
necessity during hard times, nevertheless the desire to 
realize immediate income from forest holdings has led 
to a depletion of forest capital in the more accessible 
regions, and the neglect of the more remote areas. 


The activities of the forest services maintained by the 
Federal and provincial governments are confined largely 
to Crown lands, although aid is given to farmers and other 
woodland owners in advising on principles of forest 
management. The more progressive owners and lessees 
of timbered areas have their own trained staffs, but the 
more conservative have been slow in the past to replace 
their practical non-professional executives by trained 
engineers. The forest engineer, possessing both scientific 
and practical knowledge, is well qualified to act as the 
administrative or executive forest officer for both govern- 
mental and private interests. 
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Federal responsibility in forestry is mainly expressed 
in the contributions made by the Dominion Forest Service 
through fundamental research in forest protection, eco- 
nomics, silviculture, air survey and forest products. Since 
certain forestry problems are common to several provin- 
ces, research work by the Dominion is complementary 
to provincial activities and integrated for the develop- 
ment of a national forest policy. The national parks and 
forest experiment stations controlled by the Dominion 
Government comprise about 30,000 square miles. 


All other Crown lands within their boundaries are 
controlled by the provincial forest services. These services 
are responsible for the protection of the forests, the 
disposal of timber and the control of cutting operations, 
building and maintenance of forest roads, surveys and 
mapping, and the management of game, fish and recre- 
ational facilities. 


The large corporations, especially those in the pulp 
and paper industry, employ professional staffs on soil 
surveys, air-photo surveys, silvicultural research, water- 
shed protection, and marketing and utilization. Reforest- 
ation of cut-over areas is contemplated by some com- 
panies as soon as the conditions of tenure are adjusted 
by new legislation. 


A growing interest is manifesting itself on the part 
of the public in the preservation of the forests as a source 
of wealth and a means of protection both for the present 
and for future generations. Governments and industry 
alike are undergoing the transitional stage from unre- 
stricted exploitation to sustained yield forest manage- 
ment. 


A prominent official in the lumber industry states 
that the old-time ‘‘timber cruiser’? is dying out, and 
that those remaining are in the older age brackets. These 
men will no doubt be replaced by professionally trained 
forest engineers who will of necessity have a thorough 
practical experience in all phases of lumbering. 


The Pulp and Paper Association of Canada issued a 
statement on Forest Policy in 1946 which is sometimes 
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referred to as the ten-point policy, and is summarized as 
follows: 


1. Surveys and Inventories of Forest Resources 


There should be complete information through aerial 
photographs and surveys on forest resources so that long- 
term planning will be possible. 


2. Forest Management 


Each forest operator in the industry should examine 
the forest area serving each producing unit to determine 
its present and future ability to supply the needs of that 
unit in perpetuity. Sound sustained yield forest manage- 
ment will be more quickly achieved if it is recognized 
that the adoption of a forest management policy cannot 
be effective if it involves the sacrifice of production and 
employment. 


3. Forest Protection 


Losses of wood supplies from fire, insect infestation 
and disease should be reduced through the co-ordinated 
efforts of the forest industries and the Dominion and 
provincial government departments. Present expenditures 
for this purpose are not commensurate with the value 
of Canadian forest assets. 


4. Silviculture 


Government activities and those of industry associa- 
tions should be extended to provide and disseminate the 
scientific knowledge necessary for maximum wood pro- 
duction. 


5. Use of Forest Products 


Encouragement and support will be given government 
and industrial efforts in forest products research and the 
wider use of information already available. Logging opera- 
tions should be integrated to cut and deliver most effi- 
ciently all disposable products. 
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6. Mechanization of Logging 


Support will be given in co-operative research and 
experimentation in order to increase the efficiency and 
reduce cost of logging by the introduction of mechanical 
equipment. 


7. Forest Labour 


There should be greater stability and more efficient 
utilization of the woods labour force. Steps will be taken 
to intensify the training of men in efficient logging tech- 
niques and other basic forest operations. 


8. Forest Land Tenure 


This industry will advocate a policy of land classifica- 
tion so that areas suitable only for forest growth can 
be permanently set aside as forest areas which will permit 
of proper execution of a long-term forest management 
policy. 


9. Forest Finance 


This industry will seek to determine and make suitable 
arrangements with governments for financing projects 
for the forest development and protection required by 
a sound forest policy. 


10. Private Land 


This industry will seek to encourage efficient forest 
management on private lands and to develop pulpwood 
production on these lands to ensure a regular and sus- 
tained supply of improved quality. 


Future Employment Prospects 


The implementation of the above-mentioned policy 
will depend on the supply of trained forest engineers. In 
1947 there were approximately 900 persons in Canada 
who possessed the basic qualifications of forest engineers 
or forest scientists. About 45 per cent of them were em- 
ployed in the Dominion or provincial forest services, 25 
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per cent were with pulp and paper companies, 15 per cent 
with lumber concerns and 5 per cent were engaged in 
teaching or research. The remaining 10 per cent were 
in other types of employment. 


For many years, the average number of men ¢grad- 
uating annually has been 32, but this number is expected 
to be greatly exceeded during the period 1948-1951. The 
universities have enrolled as many as they can accom- 
modate including 730 veterans of whom approximately 
370 are expected to graduate in 1949, and the remainder 
in 1950. 


In view of the present large enrolment in forestry, 
men contemplating entering the profession should inves- 
tigate carefully the possibility of employment upon com- 
pletion of training. 


DUTIES 


Broadly speaking, it is the function of the profession 
of forestry in Canada to protect and manage the forests 
in such a way that they will contribute as much as pos- 
sible to the welfare of the Canadian people, both now 
and in the future. The individual forester may find himself 
concerned with forest management in its technical sense; 
he may specialize in the protection of forests from damage 
by fire or insects or diseases; he may engage in research; 
or he may be employed in surveying and cruising timber 
or in conducting logging operations. Under certain cir- 
cumstances, and especially if he is engaged in logging, 
the forester’s work will include much engineering; on 
the other hand, the forester engaged in silvicultural 
research will rely mainly on that part of his training 
which was concerned with biological subjects. 


There is a trend toward specialization in operational 
work, forest entomology and plant pathology, silvicul- 
ture, hydrology or wood technology, after the basic 
training has been completed. 


In an organized service, a forest engineer can hope 
for advancement to positions of greater responsibility 
by the expansion of the service, by seniority, and by merit. 
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The Dominion Forest Service, for example, has five grades 
of forest products engineer, and six grades of forest 
engineer. In addition, there are higher administrative 
positions. Each of the provincial governments, with the 
exception of Prince Edward Island, has its own forest 
service. As the provinces control their own natural 
resources, which include most of the accessible timber, 
opportunities in provincial forest services are encouraging. 
In private employment, a forest engineer may advance 
to an executive or administrative position either in his 
specialty or in the general management of the company. 


ORGANIZATIONS 


The Canadian Society of Forest Engineers (Secretary- 
Treasurer, C. Cooper, 10 Manor Road West, Toronto). 


The Engineering Institute of Canada, 2050 Mansfield 
St., Montreal, P.Q. 


The Canadian Forestry Association, 1018 Canada 
Cement Bldg., Montreal, P.Q. 
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MECHANICAL ENGINEER 


MONOGRAPH 32 


The mechanical engineer may invent, design, manufac- 
ture or sell machinery, or he may perform some combina- 
tion of these functions. He may do none of these, but he 
may be fitted through his special training to engage in the 
operation or management of plants containing many 
kinds of mechanical equipment for the production of the 
things we use. 


If we consider our natural resources and how much the 
utilization of them has been mechanized, we may well 
offer encouragement to the young man who “‘likes making 
things’’ to pursue the study of mechanical engineering. 
For example, it is the electrical engineer who designs the 
electric generators, transformers, switchgear and trans- 
mission lines for a large power development, but the 
mechanical engineer’s services are required to design and 
build the turbines to drive these generators and even the 
machines used in their manufacture. To convert the 
energy in our coal to steam or electricity, the mechanical 
engineer is required first in the mines to provide the 
machinery to cut and remove the coal from the earth, 
and to design and build the transportation equipment, 
whether it be ships or trains, to move it to its point of 
use. 


From there it is he who designs and builds the boilers 
and turbines to transform the locked-up energy in the 
coal into useful forms. In our forests the trees are cut 
down and removed mechanically, and the mechanical 
means to convert them into paper or rayon or plastics call 
for the ingenuity and special knowledge of the mechanical 
engineer, as well as that of the chemical and electrical 
engineer. In our mines it is the same story, as well as in 
the garnering of our crops and in their conversion into 
food and other essential products. 


THE FIELD OF MECHANICAL ENGINEERING 


Mechanical engineering may be divided into two main 
subdivisions: power generation in its several forms, and 
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the manufacture of machinery, both consumer and cap- 
ital. The primary power runs the full range from water 
power through steam and internal combustion engines to 
tidal and wind power. The machinery will vary from 
delicate precision instruments to the heaviest earth- 
moving equipment. Of course the mechanical engineer 
shares to a greater or lesser extent this field with other 
branches of his profession. The work of mechanical, civil, 
electrical engineers and others must be closely co-ordi- 
nated in the development of a hydro-electric installation. 
The chemist, metallurgist, etc., contribute to the internal 
combustion engines. But the mechanical engineer also 
shares the fields which at first glance fall into other hands. 
He has an entrance into most endeavours through his 
role as industrial engineer or as machine designer. 


In the field of power, steam generation plays an im- 
portant part. In Canada little steam-generated electricity 
has been produced as yet except as a by-product of steam 
for heating and processing. We are particularly fortunate 
in our water power resources, but some steam-power 
generating stations are already making their appearance 
for stand-by purposes. 


In steam-power plants the mechanical engineer deals 
with fuels and their combustion, boilers and their settings, 
superheaters, stokers, conveying systems for fuel and ash. 
He is familiar with draft problems, lubrication, con- 
densers, feed water heaters, pumps, piping systems. For 
steam-generated electric power his are the problems of the 
prime movers. He is familiar with reciprocating and 
turbine types and must be able to use several of each to 
advantage. In the field of steam-power generation the 
mechanical engineer is supreme. 


An important source of power is the internal combus- 
tion engine, and it has made unique contributions, par- 
ticularly in mobile forms. Here the mechanical engineer 
deals with fuels, detonation, combustion chambers, 
carburation, etc. His problems range through cooling, 
lubrication, vibration and performance. His endeavours 
have resulted in such contrasts as the rugged slow-turning 
diesels generating cheap electrical power and the incred- 
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ibly powerful aircraft engines where every ounce of excess. 
weight has been virtually eliminated by the use of alloyed 
materials daringly stressed. Possibly no field of engineer- 
ing is as rapidly advancing today as the internal com- 
bustion engine. Gas turbines, jet and rocket engines are 
regularly establishing new speed records in the air, and 
now that the barrier at the speed of sound has been 
penetrated the limit appears to be nowhere in sight. 


Heating and ventilation is a rapidly increasing field 
open to the mechanical engineer, and has a peculiar 
significance for residents of Canada. Here subjects will 
range from the largest of sky-scrapers and office buildings 
to the smallest of prefabricated dwellings. The mech- 
anical engineer deals with the nature and measurement of 
heat, heat losses from buildings, temperature gradients, 
insulations and methods of heating. He must understand 
the properties of air and the principles and methods of 
ventilation. Changes in methods of heating are having a 
marked effect on architecture as buildings become more 
functional. The words ‘‘radiant’’ and ‘‘solar’’ heating, 
‘‘air conditioning’’ are new-comers in the language and 
reflect the progress of the mechanical engineer’s solution 
to his problem. 


A field of specialization for the mechanical engineer is 
that of machine design. He must have a knowledge of the 
pattern shop, the foundry, the machine shop and the 
assembly floor. If his designs are to be practical he must 
have a keen appreciation of the limitations of each step in 
production, and over all he must maintain ‘‘eye appeal’’. 
Even the most down-to-earth equipment must ‘‘appear’’ 
correct if it is to find a market. 


More highly specialized is the study of stress analysis. 
Particularly in high-speed equipment and where weight 
is an important consideration, stressing must be accu- 
rately calculated. Here the problem of stress concentra- 
tion and fatigue haunt the designer. Models, both scale 
and full size, are studied for analysis. Strain gauges, brit- 
tle coatings, and transparent sections under polarized 
light all make their contributions to stress studies. 
Stimulated by the aircraft industry, stress analysis is 


making progress throughout industries which not long 
aso were content to design by ‘‘rule-of-thumb’’. It fills 
a large place in machine designing. 


An important field for the mechanical engineer is in 
production. His is the problem of producing what the 
designing engineer has established. His control starts 
with the inital layout of the plant and the choice of the 
proper equipment. He processes the parts and often 
requires their redesigning to effect efficient and practical 
production. His is the responsibility for scheduling the 
parts to assure delivery of the finished equipment in the 
proper order and when wanted. His problems start with 
raw material procurement and continue through to ship- 
ment and delivery. Wage systems, time studies, incen- 
tive plans and personnel all come under the general 
heading of production. In an age of industrial strife the 
engineer, with his opportunity to understand the shop 
man’s problems as well as the overall objectives of the 
plant, is in an unique position to render a real service to 
both management and labour. He can be expected to 
fill a large role in labour relations in the future. 


PROFESSIONAL ORGANIZATIONS 


The Engineering Institute of Canada, 2050 Mansfield 
St., Montreal, Quebec. 
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METALLURGICAL ENGINEER 
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Metallurgy is one of the oldest arts and one of the 
younger sciences. There are numerous early references 
to metallurgists. Genesis IV, verse 22, mentions ‘“Tubal- 
cain, an instructor of every artificer in brass and iron’’. 
The metal relics of the ancient civilization of both Europe 
and Asia indicate that the work of the metallurgist had 
attained a standard truly amazing, when one considers 
the primitive equipment and facilities at his disposal. 


Any country’s state of industrial development and 
standard of living is directly proportional to its per capita 
consumption of metals. The importance of the metal- 
lurgical engineer or metallurgist (terms which are often 
used interchangeably) to society cannot be_ over- 
emphasized. 


Almost all minerals as they come from the ground 
require some treatment to make them or the metal 
content suitable for the use of man. In most cases the 
treatment consists of complicated and extensive pro- 
cesses. Take iron ore as an example. First the ore must be 
broken up to the required size and then it is treated in 
a blast furnace with limestone and coke to produce pig 
iron. This product is further treated in reverberatory 
furnaces or Bessemer converters to produce steel. 


DUTIES 


The metallurgical engineer is concerned with the 
science of metals which embraces the constitution, 
structure, and properties of metals and alloys. This covers 
a wide range of activities, the most important of which 
are as follows: 


1. Mineral Dressing, the concentration of valuable 
minerals from their ores. 


2. Process metallurgy, the recovery of metals from 
ores, concentrates, and secondary sources. 
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3. The conversion of metals and alloys into useful 
shapes, commonly called the metal-fabricating 
industries. 


. Heat treatment and mill processing. 

. Management of metallurgical plants. 
. Research. 

. University Teaching. 
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Mineral Dressing has a wide application in the mineral 
field. It includes the crushing and ¢grinding of ores, and 


) the metallurgist must know the types of equipment 
_most suitable to give the required results for any given type 
of ore. Separation of the valuable from the valueless 


constituents of the ore requires the use of a wide variety 


of concentrating machines and processes. Flotation is 


employed not only to concentrate the valuable minerals 
in the ore, but to separate and differentially concentrate 


two or more valuable minerals in the same ore. The 
separation of the nickel and copper sulphides, and the 
separation of lead and zinc sulphides, are made possible 
by the process of flotation. 


Process Metallurgy includes the smelting operations 
to produce metals from ores and concentrates obtained 
by mineral dressing. It also may include roasting opera- 
tions to remove sulphur or arsenic from the ore before 
it is smelted. To produce high grade metal, refining is 
required, and this is usually done by electrical methods, 
known as electrolytic refining. Copper, nickel, lead, and 
zinc are all produced in Canada by electrolytic methods. 


Metal-fabricating covers a field in which the metal- 
lurgical engineer assumes an important role. The rolling 
of metal and metal alloys into sheet and the use of die 
casting and precision casting all present scientific prob- 
lems for the metallurgist. 


Heat Treatment and Mill Processing are important 
branches of the steel metallurgist’s functions. This in- 
cludes the hardening of steels and the changing of their 
physical properties to render them more suitable to meet 
the requirements of the services for which they are 
required. 
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Research in any of the above branches of metallurgy 
is carried out in universities, government departments, 
and in many industrial plants. 


University Teaching offers a limited number of posi- 
tions. Practical experience in some commercial metal- 
lurgical field is a necessary prerequisite for the taking 
up of a teaching career. 


OPPORTUNITIES 


Metallurgy offers an opportunity, beyond the ordinary, 
for initiative and invention. The scope is limited only 
by the laws of science, thus offering an extremely broad 
opening to those who combine scientific knowledge with 
an instinct for research. 


Openings for metallurgists are found in all indus- 
tries which produce and process metals and alloys, and 
industries which fabricate them into producer and con- 
sumer g00ds; service industries which provide transpor- 
tation, communication and power; branches of the 
government service; educational institutions; commercial 
laboratories, and industrial research institutes. 


Advancement depends on ability, initiative and indus- 
trial opportunity. 


TRENDS 


Canada is one of the greatest metal-producing coun- 
tries of the world, and as her industrial development 
progresses, the demand for metallurgical engineers will 
increase. 


ORGANIZATIONS 


The Canadian Institute of Mining and Metallurgy, 
906 Drummond Building, Montreal, Que. 
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_ Mining is one of Canada’s great basic industries, 
comparable to forestry and agriculture. Minerals provide 
the raw materials for a large part of our manufacturing 
industries. The cement, bricks, plaster, glass, and plumb- 
ing for our homes and the coal to heat them; the steel 
for railways, ships, and automobiles; and copper for 
electrical transmission; the aluminum for aeroplanes; 
the oil and gas for heat and motive power;—these and 
hundreds of other materials used on land, sea, and in 
the air are mineral products. 


Minerals support a large part of our export trade. 
Without them, we should be very much restricted in our 
purchases of fruits, cotton, wool, and a thousand-and- 
one other supplies that we obtain so conveniently from 
abroad in exchange for our mineral products. 


The primary production of minerals employs about 
77,500 persons, which is only a small fraction of those 
needed in the plants and factories in which the minerals 
are worked up into the forms of every day use. The man- 
agement and scientific direction of the mineral industry 
are in the hands of a comparatively small group of men 
trained in our universities. We will confine our remarks 
in this monograph to the Mining Engineer. The Metal- 
lurgical Engineer and the Geologist have been dealt with 
in previous monographs. 


The mining engineer is the man who ‘‘runs the show’’. 
His training is broad, as he must be prepared not only 
to develop and operate a mine and mill, but to manage his 
labour, lay out a townsite, provide a proper water supply, 
see that the families can get adequate supplies, and 
supervise the bookkeeping. The manager’s job is the 
one to which the majority of mining engineers aspire. 


When a mine is just emerging from the stage of being 
a prospect, it is possible that one mining engineer can 
manage it and provide the other technical services. But 
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at most mines there is a staff, including an underground 
superintendent, a surveyor, an assayer, a mechanical 
and electrical superintendent and a mill superintendent. 
In large mines there are good positions for young technical 
men as mine captain, foreman and safety engineer. 


A mine manager has a responsibility beyond the 
ordinary, and is well paid. The salaries of the mine staff 
are higher than the average for technical men. 


A successful career in mining requires, perhaps, some- 
what more initiative and independence of spirit than is 
needed in occupations of a more settled nature. Every 
mine has a limited life, and when the ore is worked out, 
the staff must move on to another job. While many mining 
communities have grown to the size of cities, most of 
them are relatively small, and many are in isolated 
localities. There is therefore plenty of room for those 
with the pioneering spirit. Today the mines, mills and 
smelters are staffed almost entirely by men with technical 
training, so that a college education is almost an essential 
for progress. 


The Mines Acts of several provinces require that every 
person employed underground must be free from diseases 
of the respiratory organs and medically certified to that 
effect. In addition, the various Coal Mines Regulations 
Acts require coal mine officials and certain classes of 
operatives to obtain Certificates of Competency through 
examination by the Provincial Departments of Mines 
before they are permitted to undertake these functions. 
A graduate mining engineer may obtain all such certi- 
ficates by writing the one examination for First Class 
Mine Officials for coal mines, but, as lengthy experience 
in and about a mine is a prerequisite, it is highly desirable 
that as much experience as possible be found during vaca- 
tions, or otherwise, prior to graduation. 


TRAINING 


While a university degree gives the best possible start 
in the profession, it is only a start. Undergraduates 
usually work in the summers at jobs connected with 


their future work—such as underground as muckers 
and machine men. This practical experience is invaluable. 


ENTERING THE PROFESSION 


For some years after graduation it is necessary to 
learn the more practical side of the work in some junior 
position. The mining engineer may be a mine surveyor 
or conduct the sampling of the mine, or may become a 
shift-boss, which is the surest way to the post of super- 
intendent or manager. 


ADVANCEMENT 


As the mineral industry of Canada is at present in a 
period of expansion, the chance for advancement in the 
profession is probably better than average. It depends 
largely upon personal abilities and adaptability. The 
ability to handle men is one of the principal reasons for 
rapid advancement. This applies not only to an aptitude 
in handling workmen, but also to the faculty of getting 
along with those in the more senior positions, right up 
to the general manager and directors of the company. 


ADVANTAGES AND DISADVANTAGES 


Those who like city life had better steer clear of the 
mineral industry. While there are some exceptions, it 
usually involves living in a mining town, which may be 
a city such as Sudbury or Trail, a town such as Val d’Or 
or Flin Flon, an isolated camp such as Britannia Beach 
or Port Radium, or a frontier post such as each of these 
was in the beginning. In the smaller places, the life holds 
much of adventure. In the larger centres, it is much like 
that of any other town. 

Mining engineers are probably more subject to moving 
around, both within this country and abroad, than are 
other engineers. This change of scene appeals to only a 
limited number of young men. It is essentially an adven- 
turous type that fits into this industry. 


GROWTH OF THE MINING INDUSTRY 


In 1871 the value of Canadian mineral production was 
about $3,000,000. In 1948 it was estimated at $800,000,000. 
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The expansion is still continuing, and as exploration 
extends farther northwards new discoveries are being 
found that will require the services of mining engineers 
for their development. The recently proved iron ore 
deposits of Ungava and Labrador have changed the entire 
picture of Canada’s iron ore economy. Vast titanium ore 
deposits in Quebec are about to be developed. Renewed 
activity in old mining areas, due to the increased price 
of base metals, along with expansion of producing mines, 
all contribute to a demand for trained mining engineers. 


NUMBER IN THE PROFESSION 


In 1946 the Bureau of Technical Personnel recorded 
2,414 minins engineers. In 1947 and 1948 there were about 
140 new graduates in mining engineering. 


AGE DISTRIBUTION 


In 1946 the proportion of mining engineers aged 55 or 
more was 23%; this compares with 18% for the gainfully 
employed population generally. Approximately 15% were 
between 45 and 55 years of age. 


FLUCTUATIONS IN EMPLOYMENT 


A substantial drop in base metal prices may force 
suspension or reduction of production in some mines; 
and non-metallic products may, in times of economic 
maladjustment, be in low demand. Gold will, under 
existing international financial conditions, continue to 
be produced. There is no present indication that any 
long periods of unemployment are likely. 89 per cent of 
the Dominion still awaits geological exploration. 


ORGANIZATIONS 


The Canadian Institute of Mining and Metallurgy, 
906 Drummond Building, Montreal, Quebec. 
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The development of the internal combustion engine 
and its ever-increasing use in road, air and sea transport, 
and also the growing use of oil for firing boilers and fur- 
naces, have made oil production one of the most vital 
industries in the world. 


The marked expansion since the end of the war in 
petroleum production in Western Canada, especially in 
Alberta, and the consequent impetus to prospecting, 
have resulted in an increased need for petroleum produc- 
tion engineers. 


Since this need is to a great extent a new one, and 
this branch of the profession has been a very small one 
numerically in this country, it is only recently that a 
university course of study has been set up in Canada. 


DUTIES AND SPECIALIZATIONS 


Since there is some misunderstanding concerning the 
field of petroleum engineering, it should be explained 
that engineers are engaged in two branches in connection 
with petroleum and its products, that is, petroleum 
refinery engineering and petroleum production engineer- 
ing. 

Petroleum refinery engineering is not considered a 
major division of engineering but merely chemical en- 
gineering applied to the petroleum processing industry. 
Those interested in this field would be well advised to 
study the more general field of chemical engineering. 


Petroleum production engineering is that branch of 
engineering founded on the basic sciences of physics, 
chemistry, geology and mathematics which is concerned 
with the problems of development and exploitation of oil 
and gas fields. More specifically it is concerned with: 
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(a) Oil and Gas Field Development 


Properties and occurrence of petroleum—petrol- 
eum exploration methods—reservations and 
leases—field definition—well spacing—drilling 
equipment and methods (standard, rotary, cas- 
ing and casing methods, fishing)—exclusion of 
water—well finishing—well records. 


(b) Oil and Gas Field Exploitation 


Drainage—reservoir mechanisms—flowing wells 
and their control—pneumatic pumping—mech- 
anical lifting devices—operation for maximum 
economic recovery (conservation—secondary 
recovery methods—preliminary refining—éather- 
ing and storage—transportation). 


The petroleum engineer, according to the United 
States National Roster of Scientific and Specialized 
Personnel, is concerned with ‘‘the search for new fields, 
the drilling of wells and the production, storage and 
transportation of crude oil and petroleum products’’. 


The description continues ‘‘Prospecting for oil may 
be performed by a geologist or geophysicist as well as by 
the petroleum engineer. The methods employed include 
the examination of outcroppings and core samples and 
the more exacting geophysical techniques which include 
the use of gravimetric, seismic and electrical methods. 
Upon the basis of data obtained, the engineer passes upon 
the commercial feasibility of the area. Once oil has been 
found in paying quantities, the engineer initiates and 
directs well-drilling operations, and the erection of such 
facilities as derricks, rigs and tanks for the control of 
the flow and storage. 

‘“‘The petroleum engineer may likewise design and 
construct pipe-lines and supervise the pipe-line trans- 
portation of oil to the refineries’’. 


TRAINING 


Thoughta number of universities in the United States 
provide courses in petroleum engineering, the Depart- 
ment of Chemical Engineering of the University of Alberta 
now gives the only course in Canada. 
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In comparison with chemical, civil, electrical and 
mining engineering, the Alberta petroleum engineering 
curriculum contains more training in geology than any 
of the others, about the same training in physics and 
mathematics as chemical engineering, and slightly less 
training in chemistry than chemical engineering, but 
certainly more than is given in civil, electrical and mining 
engineering. Basic knowledge courses include materials, 
machines, structures and processes common to all divi- 
sions of engineering, with emphasis on those encountered 
in petroleum engineering work. 


In addition to his training in engineering materials, 
elementary mechanical engineering, hydraulics and 
related studies, the petroleum engineer should have 
detailed instruction in the properties and behaviour of 
pipe, tubing and casing, of porous and permeable rock 
formations, etc. 

He should become familiar with machines and struc- 
tures peculiar to his specialty, but detailed training in 
this direction is not desirable, since this type of ‘‘clinical’’ 
knowledge is better obtained through practical expe- 
rience. Additional study should be made of such chemical 
engineering unit processes as fluid flow (especially that of 
liquids, vapours and gases through porous media, and 
of muds, liquids and gases through pipes), heat transfer, 
éas absorption, distillation and related matter. 

Part of the petroleum engineer’s training is practice 
in the application of fundamental sciences and basic 
knowledge to specific problems in his field. Such problems 
as the cementing of a well or the ‘‘killing’’ of a ‘‘wild’’ 
well are best learned, however, in industrial work rather 
than in an academic course. 

The ‘‘work shop’’ or practical type of course, as used 
in some United States schools, has not been adopted by 
the University of Alberta, since it tends to flourish at the 
expense of instruction in the basic sciences and funda- 
mentals. 


NEED FOR PETROLEUM ENGINEERS 


Developments in the oil industry during the past year 
have been outstanding, and will undoubtedly have an 
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important effect on the Canadian economy. The discovery 
and development of further oil reserves in Western Canada 
is the most significant of these. 


The following table, as presented by the President of 
the Imperial Oil Company Limited, will indicate the 
marked increase in oil production since 1925: 


CRUDE PETROLEUM OUTPUT 
(in barrels of 35 gallons) 


7 Nn erie gw eerie tee 332,001 
I9SOSs Ge eo oi ogiee es cena 1,446,620 
1942 oF. es exe Bete haces Br Lie OO ta a 10,364,796 
BOS Ge ote Geo ae cake ane ceraren 7,429,285 
(estimated) T0048 mel eis ose wietets oe ees wee 12,500,000 


The post-war activities mentioned at the beginning 
of this monograph leave no doubt that there is employ- 
ment for petroleum engineers in Canada. 


There is at present a shortage, particularly of men 
with four or five years’ experience, and even of younger 
inexperienced men. Graduates with a broad fundamental 
training would appear to have opportunities at present 
(1949) and future prospects are favourable. 


ORGANIZATIONS 


The Chemical Institute of Canada, 18 Rideau Street, 
Ottawa, Canada. 


The Engineering Institute of Canada, 2050 Mansfield 
Street, Montreal, P.Q. 
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APPENDIX 


The Canadian Committee for Student Guidance in Science and 
Engineering is composed of representatives of The Engineering Insti- 
tute of Canada, The Canadian Institute of Mining and Metallurgy, 
and The Chemical Institute of Canada. It co-ordinates the volunteer 
counselling services sponsored by the above named Institutes. The 
members of the Committee are: 


G. R. Langley, M.E.I.C.—Chairman. 
W. R. McClelland, M.C.I.M.—Secretary. 
H. R. L. Streight, F.C.I1.C. 


The following is a list of Student Counsellors who are available to 
give advice and guidance to students contemplating a college course 
leading to any of the scientific or engineering professions. The body 
to which the counsellor belongs is indicated as follows: 


E.I.C. —The Engineering Institute of Canada. 

C.I.M. —The Canadian Institute of Mining and Metallurgy. 
C.I.c. —The Chemical Institute of Canada. 
C.S.F.E.—Canadian Society of Forest Engineers. 

C.A.P, —Canadian Association of Physicists. 


STUDENT COUNSELLORS 


NEW BRUNSWICK 


MARCH, 1949 
NOVA SCOTIA 
AMHERST G. J. Medforth.........Canada Electric Co.............% E.1.C. 
ANTIGONISH Prof. J. C. Tobin..... ...St. Francis Xavier University....C.A.P. 
BRIDGEWATER Werke MOTE.) ots cine cess N.S. Dept. of Highways......... E.I.C. 
DARTMOUTH N. Ls Shipley: 622.3%... Imperial Oil Co. Ltd., 
POS Box.490.0 a. Fe ee ewe gees C.I.C. 
HALIFAX Prof. A. E. Flynn....... N.S. Technical College.......... E.I.C. 
Gers Curries ee iicioek ns N.S. Light & Power Co.......... he 
Stewart Murray......... Dir. of Guidance, Dept. of 
EGUCAtION Oo. coscinieac Sesiees 
H. Y. Haines............ Dir. of Guidance, Bd. of School 
COMMITS. holele's eaters cise's's 
Dr. W. J. Archibald..... Dalhousie University............ C.A.P. 
KENTVILLE F. A. Herman.,,......... Experimental Station........... C.1.C, 
NEW GLASGOW D. G. Dunbar........... Pictou County Power Board..... E.I.C, 
LIVERPOOL J. H. M. Jones.......... Mersey Paper Co.,.........2.5.. Ay 
SYDNEY av APCntr pi. cte.ci0 es oe Dominion Steel & Coal Co. Ltd.. °° 
TRURO at ens OGIrCV nc ccd. sc..s Truro Electric Commission...... ia 
WOLFVILLE GoaDOSpence. oc 6es oc 5s Acadia University............... he 
Prof. W. J. Noble....... sh SOMMT aac tre coe ona ays « C.A.P 
YARMOUTH D. S. Wickwire.......... Town Engineer................. E.I.C. 


FREDERICTON Dr. W. J. Wright........University of New Brunswick....C.1.M. 
SACKVILLE Dr. D. W. MacLaughlan..Box 91, Sackville, N.B........... C.1.C. 
SAINT JOHN A. G. P. McDermott. ...New Brunswick Telephone Co...,.E.1.C, 

Gris LOPGIleY. cies cis cs se Atlantic Sugar Refineries........ C.I.C. 
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QUEBEC 
ARVIDA 


ARNTFIELD 
ASBESTOS 


BOURLAMAQUE 


BROWNSBURG 
CHICOUTIMI 
DOLBEAU 
DRUMMONDVILLE 
GARDENVALE 
GRAND-MERE 


KENOGAMI 
KEWAGAMA 
LA TUQUE 
MALARTIC 


MONTREAL 


NORANDA 


QUEBEC 


GoM. Mason:.. 3i.):c00. Aluminum Co. of Canada, 
Radin Rdt Wee. eee C.1.C. 
Rew Kraft) sence nee Aluminum Co. of Canada....... C.1.C. 
Se TH Portin. 22 she ee EE ee a Ss eee E.I.C. 
RAs Lemieux) 2 0. 4as.0 925, Coulombe:St.34-5.5-2 0 y 
BAG Dade es ee ee eae LiiiGastner Stic ise ee ay 
J. W. MacKenzie........ Wasa Lake Gold Mines Ltd...... C.I.M 
GK Kostetes asa. 2b Canadian Johns-Manville Co 
thet i re ee a ILM. 
uGs LaMeGreay, soe Sigma Mines Ltd................ C.I.M. 
iy. 3 Cs PGLLyeo ya ee Lamaque Mining Co. Ltd........ oe 
J. B. Chalmers.......... Canadian Safety Fuse Co. Ltd...C.I.M. 
Rene Boulanger......... Chicoutimi Pulp Co. Ltd........ E.I.C. 
Claude Maxwell.........Lake St. John Power & Paper Co. ‘‘ 
JohnS. Holes see Canadian Celanese Ltd.......... G.1.G. 
RiGeROwes so 3.6 sex.den nee Canadian Mining Journal....... C.1I.M. 
F. W. Bradshaw......... Consolidated Paper Corp. Ltd....E.1.C. 
J.B. Sweeney........... oO eS ee ee 
Adam Cunningham..... Prices Bros..& CO. LAGs eee E.I1.C. 
HE. Sparks soccer: M¢r. O’Brien Gold Mines Ltd....C.I.M. 
Re Ds Packard 7s. Brown Corporation............. E.I.C. 
J.P. Millenbach........ M¢ér. Canadian Malartic Gold 
Minesstdsirn ad sane eateries C.I.M. 
GU B. Moxone 22.3 G25: 56 Chesterfield Ave., Westmount. E.I.C. 
W: His Moores4 50.5 oes Canadian Industries Limited.... ‘‘ 
Marc Boyer... cee. ache Registrar, Corp. of Prof. 
Engineers7 ttn onan eee ee ey 
E. A. Goodwin.......... Montreal Engineering Co. Ltd... ‘‘ 
He CsNourses0.6.. se Bell Telephone Co............... <b 
Prof. J. L. de Stein...... McGill University BAR eo Sc na 
Profs.Rede La hrench:... a ee ae ogee eee xk 
Prof. Henri Gaudefroy. ‘Ecole Polytechnique de Montreal ‘ 
i. A. Dachasteles.. 055. Shawinigan Water & Power Co... ‘‘ 
Jacques Benoit......... Wallace & Tiernan Ltd.......... te 
Prof. L. W. Bladon...... MeGill University..2.00..-50 eee C.E.M. 
JA DLeSSenge cain tees: 715b Drummond Bldg........... oe 
Haba Dickeyerre eee 722 Royal Bank Bldg............ of 
RoHendricks)....4...-- Consolidated Mining & 
Smeltins:Coroeewaoe- eae ce 
Dr. S. G. Lipset... ... J.T. Donald & Co. Ltd., 
1181: Guy S@RAAs. «none C.1.C. 
W.A.E. Pepler......... Can. Pulp & Paper Assn., 
Sun EiferBldo 2) 13 752 yee C.S.F.E. 
KaSeMcCarthyasa Can. IndustriesiLtd... 3.4. C.1.C. 
PL ektemblay were s. Shell Oil Co. of Can. Ltd., 
660 St. Catherine St. W........C.1.C. 
W. R. McGlaughlin.....4445 Walkley Ave................ C.1.C. 
ee SAW ee ee Can. International Paper 
Mills: tds ae eee eee C.S.F.E. 
kK. Gakenson yy 573... 3406 Atwater Ave.:2.25..0.5 seme C.S.F.E. 
JO Wilsontiena he ee oe Anglo-Can. Pulp & Paper 
Mills: Ltd. 2o.cay ae onc eee C.S.F.E. 
We Gy Corner 45 sides ocd 5s) ore een ee UN Pere Re C.1I.M. 
Cc. G. McLachlan. ......Noranda Mines Ltd............. oe 
Prof. Rene Dupuis...... Laval University... 23. E.I.C. 
Dr. W. P. Percival.......Dir. of Protestant Education.... ‘‘ 
Dr. Paul Gagnon........ Laval University: ee i 
Philippe Methe......... Directeur, Ecole Technique 
de Ques. 225 Se ee eee vi 
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QUEBEC 


RIVERBEND 


SHAWINIGAN FALLS 


SHERBROOKE 
SISCOE 
THETFORD MINES 
TROIS RIVIERES 


VAL D’OR 


ONTARIO 


AMHERSTBURG 
ANGUS 
BEARDMORE 
BELLEVILLE 
BRANTFORD 


BROCKVILLE 
CAMPBELLFORD 
CARLETON PLACE 
CENTRAL PATRICIA 
CHATHAM 


COBALT 
CONISTON 
COPPER CLIFF 


CORNWALL 


CREIGHTON MINE 


CREEMORE 
DELORO 
DORSET 
ELMIRA 
FALCONBRIDGE 
FORT WILLIAM 
FROOD MINE 


Beak wDenisw area’. «: Quebec Department of Mines. ..C.I.M. 
G. W. Waddington...... Laval University................ Ee 

Prof. C. Ouellet......... <6 TY os Oo Sera ee ae G.1.C. 
F. Bonenfant........... ie At Wee UI OS ie wage es C.A.P. 
Ha Ji Barratt) asad... Price Bros. & Co. Ltd............ E.I.C. 
P. C. Telmosse.......... Shawinigan Water & Power Co...E.1.C. 
A. H. Heatley........... Shawinigan Chemicals Ltd...... ae 

Ate DRA D DOLE dan. es ihe ee aS s ees es GEG: 
Die dee BCAUOLY socrecccm sé Canadian Industries Limited.... ‘ 

Ge Benson ..i656 hh6 hos ss Shawinigan Chemicals Ltd...... uy 

Beagle RACICOU Nance. < es SSS Senco. a 

1s To NATE Ossie BIR Ste Bes ee Re IE aee! O° San ee C.I.M 
Ge Be Murpnyen os. < cans « Jas ceMitchell& Gosche enc cas C.1I.M 
Re Ga Wial slits cess cys 2 M¢ér., Siscoe Gold Mines, Ltd....C.1I.M. 
Cc. H. McNaughton...... Asbestos Corporation, Ltd.......C.1I.M. 
J. F. Wickenden........ Ameau BIdSeoue: Oe actievsctue ese: E.1.C. 
HeCalimmiss, veo....... Consolidated Paper Corp. Ltd...E.1.C. 
Dee MOrinter tte... Consolidated Paper Corp. Ltd...E.1.C. 
GAS Grantees. 2.4 Mine Ecole Provinciale.......... C.I.M. 


JaGalurnbullh 44 4.-4. Brunner, Mond Canada, Limited. E.I.C. 
R.S. Carman........... Dept. of Lands & Forests........ C.S.F.E. 
GaAeMCK ay. ee ters Leitch Gold Mines, Ltd.......... C.1I.M. 
W.L. Langlois.......... 287 Foster Avenue............... E.G: 
F. G. Haddow........... Brantford Roofing Co., 

P.O. Box 810, Brantford....... C.1.C, 
E. V. Gibbons........... TP QQAB ISTE SCs eed tatk ocean oe et io ae C.1.C. 
T. W. Brackinreid....... 103 St. James St. East........... C.I.M. 
HA BUGS AT ee ess 0 BOxeZ00F Sire sree eta ole vaces rer shk E.1.C 
G. W. Motherwell....... Carleton Place High School..... C.1.C. 
Dey AN OUST ee aes Central Patricia Gold Mines, Ltd..C.I.M. 
T. M.S. Kingston...... Gity Manaser.fo.ce ao eee es E.I.C. 
CGS CRIVANS earls os ness Union Gas Co. of Canada, Ltd...C.1.M. 
eB Are COLO ee ences ale’ s Temiskaming Testing 

Laboratories’. j.os.ck eee ts ee C.1I.M. 

Ke GaMurphy >... os. International Nickel Co. of 

CANADA Pete ee ate: dhatna aeration C.I.M. 
fl Os. OA CGY ol AME ee International Nickel Co. of 

(AN AG AM rere el gest one C.1I.M. 
FASE EASON fens cseveacs lero Howard Smith Paper Mills...... C.1.C. 
IN slo ACGIStA. guicccies % s Courtald’s (Canada) Ltd......... Gol G: 
F. M. Robertson........ Canadian Industries Limited....C.1.C. 
1 Biss Pee ye te heigl Dl ee SOX LOOT et irre heats tociehcipietans ec E.I.C. 
ES po TIO ere et hele eo International Nickel Co. of 

Canada nw een wares les C.1.M. 
G. F. Thompson........ Greemore; Ont. ea) oe es G.S.F, 
C. R. Whittemore.......Deloro Smelting & Refining Co...E.1.C. 
Bavichwen.c20 7... is. Dept. of Lands & Forests, Dorset.C.S.F. 
E. M. Quinlan®@........ Naugatuck Chemicals.......... C.I.C. 
Sy ew RUMEN Geant Rete to iawes <i eyes 's).« Falconbridge Nickel Mines Ltd...C.I.M. 
SSM SIMIC aceri tere «ss « Canadian Westinghouse Co...... C.1I.M. 
Piet) DTIC cakcatakuti. << International Nickel Co. of 


Cara ae eee ais eee ais C.1.M. 
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GALT W.A. Osbourne......... Babcok-Wilcox & Goldie- 
MecCullochiit isi tiasccacases E.I.C. 
I. C. Marritt............Dept. of Lands & Forests, Galt. .C.S.F.E. 
GERALDTON Ae E. Cave.............-Little Long Lac Gold Mines, Ltd.C.I.M. 
J. M. Kilpatrick... ......MacLeod-Cockshutt Gold Mines 
Le. ak ote is a sine ode cele nsw ews sQsksDes 
GRIMSBY ASR. Globeee.geskeroeeneks Oc BOSSO Fie on ee tees ee OY be 
F. D. Austin......... .. Dept. of Highways.............. E.I.C. 
QUELPH Prof. W. C. Blackwood. -Ontario Agricultural acess . E.1.C. 
Prof. L. R. eb a a eles ae (CLe 
H. Zimmerman.,. ; Hart: Products¥2o) 0 snes. G.I1.C. 
HAILEYBURY O. Be: Wallif cid s.cc.60% “Provincial Institute of Mining. ..C.I.M. 
HALEY H. B. Megill............ Dominion Magnesium Ltd...... C.I.M. 
HAMILTON Dr. A. H. Wingfield...... High School of Commerce....... E.I.C. 
G. M. Crossgrove....... Bell Telephone Co. of Canada...E.I.C. 
W.5.W. Reid. oe... Otis-Fensom Elevator Co. 
Limited recuse ho eee E.I.C. 
NA SE ASerinc. ae soos Burlington Steel Co. Ltd........ C.I.M. 
A. C. Graham.......... 190 Prospect Ave. S.............. C.1.C, 
G. L. T. Vollmer........ 1 Rosedale Ave., Bartonville..... C.I.C. 
Ge Ri Smyez. oie. een: 191 London’ St.:Sis5.0 bse cs sess C.1.C. 
H. L. Fanshaw.......... 120 St. Clair Ave. Yo oc.feee ccs C.1.C. 
K. A. J. Ramsay........ PO. Box: 156220. oe aoe C.1.C. 
HELEN MINE Cc. M. Beck............. Algoma Ore Properties Ltd......C.I.M. 
KINGSTON Dean D. S. Ellis......... Queen’s University.............. E.I.C. 
M. G. Saunders......... Aluminum Company of Canada. E.I.C. 
Prof. S. N. Graham.,.... Queen’s University.............. C.I.M. 
Dr. H. P. Godard....... Aluminum Laboratories Ltd.....C.1.C. 
Dr. J. A. McRae......... Queen’s University.............. C.I1.C. 
R. H. Rimmer.......... Aluminum Laboratories Ltd.....C.1.C. 
R. Ironside............. Dye & Chemical Co. of 
Canadaibtdss 3... ook aoe C.1.C. 
Dr. A. C. Plerves........ Queen’s University.............. C.1.C. 
Dr. Roy Spooner........ Aluminum Co. of Canada..,....C.1.C. 
Dr AveSsiWeSt siccacdeon ie Dept. of Biology, Queen’s 
University so5 eu. 3,554 are C.S.F.E. 
KIRKLAND LAKE W. L. Redmond......... Collegiate Institute............. C.I.M. 
KITCHENER S. R. Shupe............. City Engineer................... E.I.C. 
R. K. Hymnen.......... Goodrich Rubber Co. Ltd........ C.1.C. 
LEVACK IN. George . sieiscs.arie oles 0.6 International Nickel Co. of 
Canada s.00c5 255% fase eae C.I.M. 
LINDSAY A. D. Wheatley.......... Dept. of Lands & Forests........C.S.F.E. 
LONDON V. A. McKillop.......... Public Utilities Commission..... E.I.C. 
Prof. G. H. Reavely. .... University of Western Ontario...C.I.M. 
Dr. J. Gunton.......... iy ss eel OY oC OS 
Per As MAUS.) oacrs cs tie Yocum Faust: Utd.) 2... .... oa C.1.C 
Prof. R. L. Allen........ University of Western Ontario...C.A.P. 
P. J. Sandiford......... Sy th OF, VA 
MeKENZIE ISLAND J.P. Nowlan..... eee sire Cochenour Willans Gold Mines, 
Ltdies tee Sain oo eee ee C.1.M. 
MADSEN E. C. Crayston.......... Madsen Red Lake Gold Mines, 
Teton ae cet ae ee C.I.M. 
MURRAY MINE Re Burford %c-eccn ens International Nickel Co. of 
Canada. essa eee C.I.M. 
NEW LISKEARD .§ R.H. Starr............. Hydro-Electric Power Com- 
mission 2.2 i570 te cae eee C.I.M. 
NIAGARA FALLS A. W. F. McQueen...... H>G. Acres & Coven E.I.C. 
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FOREWORD 


During recent years there has been a steadily increasing demand 
for Canadian occupational information. The demand comes from 
young people faced with the need of choosing an occupation and 
preparing for it; from parents, teachers and vocational guidance 
counsellors; from workers wishing to change their occupations; 
from employment service officers; from personnel directors and 
union officials; from prospective immigrants to Canada and from 
other quarters. 

The CANADIAN OCCUPATIONS series of monographs is designed 
to help meet this demand. Each booklet describes, among other 
things, the nature of the occupation or groups of occupations, 
entrance and training requirements, working conditions and em- 
ployment outlook. 

The series has been prepared with the generous assistance of 
representatives of management, trade unions and professional as- 
sociations. The co-operation of the Unemployment Insurance 
Commission,’the Vocational Training Branch of the Department 


‘of Labour, and the Dominion Bureau of Statistics is gratefully 


acknowledged. 

Occupational information tends to become dated as a result 
of changes in economic conditions, in industrial technology and 
in wage and salary structure. Revision of outdated publications 
is a regular feature of the series. 

This booklet is a revision of the engineer monographs previously 
contained in Careers in Natural Science and Engineering, and 


was prepared for the Manpower Resources Division by Joseph — 


P. Caccamo and William Allison, Chief of the Occupational 
Analysis Section. The help and co-operation of The Canadian 
Council of Professional Engineers, the Engineering Institute of 
Canada, and other organizations concerned with engineering is 
gratefully acknowledged. 


W. R. DYMOND, 


Director, 
Economics and Research Branch, 
Department of Labour. 


September 1960 
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CAREERS IN ENGINEERING 


Professional engineers are applied scientists 
who make practical use of the knowledge made 
available by science. Employing methods devel- 
oped by practitioners of the art of engineering over 
the centuries, they utilize the materials and forces 
of nature and help organize the human effort neces- 
sary to produce the goods and services that satisfy 
human needs and wants. They are senior part- 
ners—often the leaders—in a team of workers 
that deals with the technical problems presented 
by any project making use of physical science. 
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HISTORY AND IMPORTANCE 


The creation of anything man-made—a road, a bridge, an 
automobile, a new chemical product, or even a better mousetrap— 
is essentially an engineering project in that the design, production 
and, in some cases, the marketing of the product is carried out 
or guided by engineers. 

Because man is by nature a builder, creating for himself a 
more comfortable world out of the materials at hand, engineers 
have been with us for a very long time. Canals, roads, fortifica- 
tions and monuments, many of them thousands of years old, are 
evidence of the modern engineer’s heritage. In a highly complex 
and technological society such as we have today, scarcely any 
aspect of daily life is not affected, directly or indirectly, by the 
work of the engineer. 


Engineering in Canada 


Canada is a young country; many of her problems have been, 
and still are, those associated with growth and development. The 
very land which offered rich resources so abundantly also imposed 
difficulties of vast distances, rugged mountains, extreme winter 
conditions, and isolation from world markets. 

From the beginning, the development of Canada has been a 
colossal undertaking in engineering, marked by projects that in- 
clude spanning the continent with two railway systems and an 
all-weather motor vehicle highway; the completion of an inland 
water route that takes seagoing ships deep into the heart of the 
continent; completion of a multi-channel microwave communica- 
tion system from coast to coast; exploitation of forest, mineral 
and water-power resources, and the establishment of a substantial 
manufacturing industry that is still growing rapidly. 

Until the last quarter of the nineteenth century this work was 
carried out by engineers trained in Great Britain, the United 
States, and various European educational institutions. Courses 
in engineering were first offered at the University of New Bruns- 
wick, McGill University, L’Ecole Polytechnique of the University 
of Montreal, and the University of Toronto. The first association 
of practising engineers in Canada was formed in 1887 as the 
Canadian Society of Civil Engineers, and in 1918 was renamed 
the Engineering Institute of Canada and broadened in scope 
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Photo: Ontario Hydro 
Studying the scale model of the St. Lawrence Seaway and 
Power Project, one of the great engineering projects of our 
time. 


to include all fields of engineering. The Canadian Council of 
Professional Engineers, formed in 1936, groups the provincial 
associations of professional engineers and represents the profes- 
sion at the national level. 


Engineers trained abroad have continued to seek and find 
careers in Canada, but facilities for training young Canadians 
have expanded rapidly, and at least 32 universities and colleges 
now offer one or more years of training leading to a degree in a 
variety of engineering fields. It is difficult to state the exact number 
of engineers in the country. Many people trained as engineers 
are engaged in work not ordinarily thought of as engineering, 
such as administration (see p. 29). The Department of Labour 
estimated that in 1951 there were about 35 thousand persons in 
Canada who had an engineering degree or its equivalent. By 
1959, the estimate was between 45 and 50 thousand. 
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THE MAJOR FIELDS OF ENGINEERING 


At one time, much engineering consisted of the construction 
of roads, canals, fortifications and machines for the waging of 
war. The Rideau Canal, built in 1826-32 by Col. John By, Royal 
Engineers, “to carry military traffic safely past American border 
waters”, is one example. All other engineering of a non-military 
nature was therefore called “civil” engineering. With the increas- 
ing complexity of modern technology, “civil” engineers have 
tended to assume the name of the technological field in which 
they specialize, e.g., chemical, electrical, mechanical, etc. There 
is still some overlapping among the various fields, and no engi- 
neer can function in his own special field to the exclusion of all 
others. Indeed, the recent introduction of a four-year general 
engineering course without specialization may indicate the de- 
velopment of an engineering pen Dey that is applicable to 
all technical fields. 


Photo: NEB 


A civil engineer checks the progress of a new cement plant 
under construction. 
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CIVIL ENGINEERING 


The term “civil engineer’ now applies to those concerned with 
the creation of new or improved stationary structures of a 
“capital” rather than a “consumption” nature, and the surveying 
and reconstruction of geographic features of the earth. 

Civil engineering includes four divisions: 

Transportation— 

highways, streets, railroads, elevated viaducts, and airports 
Structural— 

bridges, tunnels, subways, factory buildings, housing for 

power projects, electric transmission-line towers. 
~Hydraulic— 

dams, flood controls, irrigation systems, harbours, canals, 

reservoirs 

Sanitary— 

drinking water, drainage, sewage waste-disposal systems. 


The structure of the earth is such an important factor in most 
civil engineering projects that soil mechanics has become a 
specialty for many civil engineers. Other specialties are municipal 
engineering, community planning and traffic engineering. Survey- 
ing 1s a separate and distinct field of work, although it is practised 
as an important part of all civil engineering. 

The civil engineer’s work often takes him outdoors, demands 
much active effort on the job, and places responsibility on him 
for great numbers of workers. Civil engineers are often “on the 
move”. They are required on construction projects in remote 
areas and even in a settled area where a large project may keep 
them in one place for several years, eventually the project is 
completed and many of the engineers must move on. The vast- 
ness of Canada means that a great deal of travel is involved in 
this work. Obviously a civil engineer is more apt to enjoy his 
work if he is physically sturdy, likes to work with and direct 
others, and is prepared to work on the construction site and in 
various parts of Canada at least in the earlier years of his career. 

The civil engineering field is so broad that many new specialties 
within it, including structural, highway, hydraulic, railroad, sani- 
tary, and public health engineering, are crystallizing into separate 
fields, for which students may prepare particularly by some under- 
graduate concentration or a post-graduate degree. 
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Forest Engineering 


Civil engineers are the group chiefly engaged in the conservation 
and harvesting of Canada’s forest crop, for which they are given 
the label forest engineers. Canada’s forests and forest industries 
play a vital part in our national economy. Most of the forest 
engineers in Canada are employed by industrial concerns, partic- 
ularly pulp and paper mills, and to a lesser extent, lumber com- 
panies. Engineering skill is needed to construct forestry roads, 
to improve streams for driving logs, to construct dams and bridges, 
and to solve many other problems associated with the transporta- 
tion of logs. Forest engineers spend considerable time preparing 
maps and inventories of forest property and are responsible for 
a cutting schedule to provide continuity of supply of a crop that 
may take a century to mature. 

Some universities offer courses in Forestry, which is a natural 
science course, and does not qualify for an engineering degree 
recognized by the provincial engineering associations. 


This is a minature of an actual Canadian paper mill drive 
and control system. Engineers simulate actual working condi- 
tions to study operating problems. 


Photo: Canadian General Electric 


ELECTRICAL ENGINEERING 


The field of the electrical engineer includes the systems, ap- 
paratus, and appliances whereby electricity is generated, trans- 
mitted, and controlled for light, heat, power, communication and 
electro-therapy. 

Electrical engineering may be divided into four divisions: 

Power— 

generation, transmission and distribution of electrical energy; 
design, manufacture and operation of electrical apparatus 
and machinery (power transmission lines, transformers, elec- 
tric sub-stations, industrial electric motors, generators, elec- 
tro-chemical plants, and electrical measurement and control 
systems in other industrial products, e.g., aircraft, water- 
craft, electric railroad engines, automobiles); other applica- 
tions in home, transportation and industry 

Communications— 

telephone, telegraph, radar, sound recording, radio, tele- 
vision, telephoto, teletype 

Illumination— 

lighting in homes, offices, plants, schools, streets, etc. 

Electronics— 

all electrical engineering that involves the passage of electricity 
through vacuum tubes, low-pressure gas tubes, and solid 
semi-conductors (transistors), providing controlled electron 
flow. This includes the measuring, switching, signalling and 
control by electronic impulses of manufacturing processes 
and apparatus of many types. 

The manufacture of electronic components in Canada dates 
from the production of radio-receiver sets immediately after 
World War I. By 1923 several large companies were in this field 
and by 1937 over 80 per cent of radio receivers in Canada were 
Canadian-made. With the advent of World War If Canada was 
able to play a leading role in the development and manufacture 
of electronic equipment used by the Allied armies. 

The Canadian electronics industry has continued to grow in 
the post-war period, despite heavy competition from other nations. 
Well over one hundred electronic companies produce all types 
of home-entertainment, commercial, industrial and military equip- 
ment in Canada today and every month sees new discoveries in 
this field that create further uses for electronic components and 


end-products. 
is 


Photo: Canadian General Electric 


An engineer sets up an electronic analogue computer to work 
out a mine-hoist experiment. Actual conditions simulated on 
this equipment can be studied and problems eliminated before 
the mine equipment is designed, manufactured or installed. 


Canada has many major electrical utilities, and their operation 
requires large electrical engineering staffs. Water-power, steam 
and diesel engines are all used to generate electricity, but water- 
power outstrips the others by a very wide margin. This usually 
means that high-voltage transmission lines are required to bring 
the power to load centres. A nuclear-powered electrical generat- 
ing plant is soon to be built in Ontario and others are planned. 

Canadian industry is heavily electrified, and while manu- 
facturers of electrical equipment have undoubtedly the greatest 
need for large staffs of electrical engineers, there are many other 
types of industry that also require electrical engineering per- 
sonnel. The quantity of electrical power and the complexity of 
electrical systems used by modern paper, steel, and textile mills, 
chemical and automobile plants, mines, etc., are sufficiently great 
to require planning and operation by electrical engineers. 
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MECHANICAL ENGINEERING 


Mechanical engineers are especially qualified in the design and 
supervision of the manufacture, sale, and operation of machines 
and mechanisms that produce, transmit, or use power. 

The mechanical field embraces four divisions: 

Power-generating machines— 

steam, diesel and other internal combustion, tidal and wind- 
power engines, and hydraulic or gas turbines 

Power-transmission and materials-handling equipment— 

conveyors, gears, shafting, and heat-transfer 

Power-using motors and bodies— 

machine tools, fans and other appliances, industrial furnaces, 
automobiles, locomotives, aircraft, and marine vessels 

Heating and ventilating— 

air-conditioning. 


The scope of mechanical engineering is so wide and its services 
so universally needed as a basic part of all kinds of engineering 
projects, that it is not surprising to find these engineers in demand 
in a variety of industries in all parts of Canada. The development 
of Canadian heavy industry in metal fabrication, machinery and 
other fields since World War II has increased the need for 
mechanical engineers. 

Since mechanical engineers work principally in manufacturing 
industries or on operation and maintenance work in power plants, 
they are likely to live in or near large population centres. They 
often direct and plan the work of others in the plant. Whether 
the product is electrical, chemical, or metallurgical in nature, 
mechanical engineers must work in close association with all the 
other engineering fields. They must become acquainted, sooner 
or later, with the various types of machine tools in order to have 
the proper layout of shop facilities ready for production. 

Aeronautical engineers specialize in the application of mechan- 
ical engineering to the design, testing and construction of aircraft. 
More than half of these engineers are graduates in mechanical 
engineering, but graduates in engineering physics at the University 
of Toronto may then take a Master of Applied Science degree in 
Aeronautical Engineering and Aerophysics. 

Industrial engineers specialize in the production function (see 
page 25), with emphasis on industrial and engineering analysis. 
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Training in this area is relatively new in Canada, and has been 
introduced only recently in the course of studies at the University 
of Toronto. 


Engineering Applied to Agriculture 


From the application of engineering technology to the many 
aspects of agriculture, there is emerging a new engineering expert: 
the agricultural engineer. He is an individual with a knowledge of 
plant, animal and soil science combined with training in some 
aspects of mechanical, chemical, electrical, or civil engineering. 
Depending on his technical background, his activities may be 
concerned with one or more of the following areas: farm machin- 
ery, farm structures, irrigation, soil conservation, land clearing, 
drainage and reclamation, farm electrification, and many others. 

Persons with this combination of skills are employed by uni- 
versities and the federal and provincial governments for research, 
teaching and extension work, and by private industries whose 
products and activities are closely related to or concerned with 
the agricultural industry. 


The space age offers a new and exciting. challenge to 
engineering. 


Photo: Avro Aircraft Limited 


CHEMICAL ENGINEERING 


Chemical engineers are a good example of the engineer as a 
link between science and production. Their work involves adapting 
the laboratory process of the chemist to an efficient, low-cost, 
mass-produced commercial scale. It includes design, construction, 
and operation-management of plant and equipment that uses 
chemicals, rearranges the elements of nature to create improved 
or entirely new substances, and chemically tests products. 

The field of chemical engineering cannot be clearly defined. 
The contribution of chemistry in a modern economy is all-per- 
vasive; without it, few goods and services would be as effective 
as they are, and a great many owe their very being to chemistry. 
Rapidly expanding chemical developments in Canada are syn- 
thetic textiles, plastics, plywood, food processing, drugs, paints, 
and building materials. Because the use of chemistry is so wide- 
spread, opportunity for chemical engineers is correspondingly 
wide. Chemical engineers find employment in all industrial proc- 
esses where chemistry plays a part, or where a knowledge of 
chemistry and engineering is valuable, as well as in the chemical 
industries proper. 

The chemically oriented student should be sure that he wants 
to do engineering work before deciding on chemical engineering. 
If his interest is in testing and research rather than production, 
he should perhaps consider being a research scientist in chemistry. 


MINING ENGINEERING 


Mining engineers are concerned with the production of minerals, 
petroleum and natural gas, and other useful elements, that are 
mined from the earth. In Canada their broad field of operations 
includes exploration of unknown territory, development of promis- 
ing deposits, supervision of surface and underground mining, 
milling and other primary treatment of ores, and mine-to-market 
operations. 

The main mineral-products divisions are: 

Metallics (e.g., iron) 
Non-metallics (e.g., asbestos ) 
Fuels (e.g., petroleum ) 
Structural materials (e.g., gravel) 
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It is not uncommon for a mining engineer to specialize in a 
particular mineral (e.g., coal), type of mineral (e.g., non-metals) , 
or some aspect of mining (e.g., digging and conveying machinery 
or power and air-conditioning equipment). 

Mineral wealth is one of Canada’s main assets, exceeded in 
value of product only by forestry and agriculture. Abundant and 
varied mineral resources not only feed our expanding processing 
and manufacturing establishments but are also very important as 
a stock of materials and goods which the nation may exchange 
internationally for the many products wanted from _ other 
countries. Mineral output in Canada more than _ tripled 
during the period 1947-58; new deposits are discovered regularly, 
many new mines begin to be worked each year, yet only a small 
fraction of the expansive stretches of Canada have been investi- 
gated for mineral content. 


The need to maintain competitive efficiency and safety and 
reduce hard physical labour has forced mines to become increas- 
ingly mechanized and complex. However, labour is still the larger 
part of mining costs, and most of the men to whom the mining 
engineer must provide direction have worked in mining all of their 
lives. No amount of academic training can take the place of work- 
ing familiarity obtained in the mine. The mining engineer will 
likely be required to start at the bottom of the ladder as surveyor 
or sampler at the mine’, but his academic qualifications and ability 
should enable him to move quickly upward through the operating 
ranks. To attain a position in the management ranks of the mining 
industry is a natural ambition of mining engineers; chances of 
success are good for a capable person, as most of the personnel 
in these posts are graduate mining engineers. 


The mining engineer may find employment with companies 
that manufacture equipment, machines and engines used in min- 
ing. Government agencies do research in minerals and mining 
methods and employ mining engineers to administer the laws 
pertaining to mines. Mining engineers are considered well quali- 
fied to carry out some aspects of operations in the construction 
industry such as excavating and tunnelling. 


See CANADIAN OCCUPATIONS Monograph 14, Mining Occupations. 
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_ Mining engineers in management positions often find themselves 
in a far broader field than even their operating responsibilities. 
It may include the organization and creation of a sizeable mining 
community and associated services and facilities at the site of an 
isolated bush camp. 


Geological engineers are closely related to mining engineering, 
as they are concerned with field exploration, discovery and prov- 
ing of mineral deposits. This includes the work of determining 
if the deposit is valuable enough to be mined commercially, and 
consideration of other factors such as accessibility, and available 
water and power supply. i 


Petroleum Engineering 


Developments in the oil industry during recent years in Canada 
have been outstanding, and are having an important effect on 
the Canadian economy. The search for, discovery, and develop- 
ment of substantial oil reserves in Western Canada have so far 
been the most significant. Petroleum engineering is a division of 
mining engineering but has become a specialized type of work 
requiring considerably different training. 


The petroleum engineer has to deal with any of a number of 
matters relating to the occurrence of petroleum: exploration 
methods, reservations and leases, field definition, well spacing, 
drilling equipment and methods, examining core samples, well 
finishing, well records, pumping, control of wells, design and con- 
struction of storage and transportation facilities, and general 
appraisal of oil and gas properties. Petroleum reservoir engineer- 
ing is an area of specialization in which engineers are concerned 
with estimating the potential of oil and gas reservoirs for future 
production. 


In the field of petroleum engineering, the distinction between 
petroleum production engineering and petroleum refinery engineer- 
ing should be understood. Petroleum refining is an application of 
chemical engineering to the petroleum processing industry. Those 
interested in this phase should study the regular course of chemical 
engineering in which training in organic chemistry and in methods 
of separating and refining crude oils is included. 
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METALLURGICAL ENGINEERING 


Photo: NFB 


Engineers in physica! metallury watch the reheating of an 
ingot in the “soaking pit’ preparatory .to processing in the 
rolling mill. 


Metallurgical engineering falls into four areas of work: 

1. Extracting, concentrating, treating, and refining of metals. 

2. Adapting metals and alloys to industrial use. 

3. Fabricating and moulding metals and alloys into desired 
shapes for industrial use. 

4. Studying earths, ores, metals, and alloys, their structure and 
constitution, physical and mechanical properties; separating, 
combining, or conditioning metals to obtain new qualities. 


Metallurgical engineers devise and direct the construction and 
Operation of apparatus, machinery and other equipment used to 
investigate the properties of metallic minerals and their useful 
elements, or to concentrate these substances and alter their form 
and qualities. If they are mainly involved in the concentration of 
the valuable part of a mineral into useable form and quantity, they 
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are in the division called extractive or process metallurgy. 
Engineers in the physical division convert the material into the 
final product. 


The processing of metallic and non-metallic ores has been an 
important Canadian industry for many years and Canada now 
‘stands among the major world producers of nickel, aluminum, 
gold, magnesium and zinc, silver, copper, lead, asbestos, iron and 
uranium. Until 1939, operations in the Sudbury area in Ontario, 
‘Noranda and Thetford Mines in Quebec, and the Kootenay district 
of British Columbia accounted for most of the country’s output. 
Since that time, the discovery and exploitation of many new 
deposits, expanding markets, and further technological improve- 
ments, have raised the mineral processing industry to the level of 
importance it enjoys in the Canadian economy today. 


The metallurgical engineer’s work is based on a knowledge of 
metals, chemistry and solid-state physics. The student must have 
good ability in chemistry and physics as well as mathematics, and 
be interested in metals and their uses. Metallurgical engineers have 
adapted themselves relatively easily to positions in related occupa- 
tions commonly held by chemists, chemical engineers and 
physicists. 

Ceramic engineering is a closely related but considerably 
specialized field and consists of the recovery and processing of non- 
metallic minerals. Methods and equipment used are similar to 
those for metals. The types of products common to the ceramic 
industry are structural clay or shale, bricks and blocks; porcelain 
enamel; refractories for lining furnaces against high temperatures; 
pottery and whitewares; glass; abrasives for grinding and finish- 
_ ing; cement, lime and gypsum. 
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ENGINEERING PHYSICS 


The engineering physicist utilizes theory and knowledge that the 
physicist has discovered and formulated, by creating the machinery 
and processes that make it useful. Industrial applications of physics 
provide new and better goods and services, and discoveries in 
physics, when translated into practical methods and machines 
with the help of the engineer, are basic to advance in other natural 
sciences. The nature and properties of light, electricity, magnetism, 
heat, sound and matter, are within the immediate scope of the 
engineering physicist, and include atomic or nuclear physics, 
fluid mechanics, optics, acoustics, aeronautics, and geophysics. 


Engineering physicists are usually employed to do fundamental 
research or developmental work toward the solution of a specific 
problem. They often deal with new ideas and unexplored areas, or 
problems that require a completely new approach. Machinery and 
equipment may have to be devised to carry out investigations which 
broaden man’s knowledge of natural phenomena. In industry, 
engineering physicists are needed for development and production- 
line work by manufacturers whose products and production 
processes are highly technical. Various governmental and industrial 
laboratories engage engineering physicists for pure and applied 
engineering research. 


The harnessing of nuclear energy for peaceful purposes 
presents many engineering problems. 


Photo: Gilbert A. Milne & Co., Toronto 
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WHAT ENGINEERS DO 


Broadly speaking, the professional engineer works with the 
forces and resources of nature to create new products and services 
for the satisfaction of human wants. 


He is primarily interested in the inanimate, structural, mechan- 
ical aspect of things, keeping in mind, of course, their social and 
economic implications. In the sense that he is a scientist, he is a 
“physical scientist” working mainly with material phenomena. 
But while the scientist proper strives to enlarge mankind’s con- 
sciousness of the universe and laws of cause and effect, the 
engineer is predominantly responsibile for putting the resources 
of science to work. He is more interested in operating power than 
in power itself, more in using things than in the state of things. To 
a greater degree than the scientists, the engineer must nearly always 
pay close attention to the human, economic and financial factors 
involved in projects undertaken. 


The engineer does not usually work alone, but in the company 
of a team that includes other engineers, as well as technicians and 
tradesmen. Many individuals, with a combination of intelligence, 
better-than-average technical training, and experience, render 
valuable assistance to engineers as technicians, often doing work 
of a very complex nature that approaches professional engineering. 


The engineer works in a team that includes other engineers, 
as well as technicians and tradesmen. 


Photo: de Havilland Aircraft of Canada Limited. 


Tradesmen—electricians, welders, machinists and mechanics— 
follow the techniques of their craft to carry out the practical 
aspects of fabrication and installation. 

Students who feel after reading this monograph that engineering 
is not for them, though they want to do technical or mechanical 
work, might consider a skilled occupation as a technician or trades- 
man. Other monographs in the CANADIAN OCCUPATIONS series 
describe these in detail (see inside front cover). Such careers 
offer satisfying and well paid employment to individuals who are 
qualified and personally fitted for them. The full utilization of the 
engineer’s creative power and knowledge depends greatly on the 
help of laboratory assistants, technicians, draughtsmen and trades- 
men. 


Functions 


A professional engineer—whether in the chemical, mining, 
electrical or any other field—usually finds himself engaged in one 
or more of several activities or functions. Eventually, if he is 
fortunate, he will be able to concentrate on the particular activity 
which he feels best fitted to perform. Within each. field there is a 
choice of function, although some activities are more characteristic 
of a particular field of engineering. For example, a fairly high per- 
centage of civil engineers are employed in construction, which 
occupies much smaller groups of engineers in other fields. 


Fundamental Research 


Research is necessary for the advancement of engineering 
technique and use of scientific discovery. Fundamental research 
is usually exploratory and experimental; it may have no immediate 
goal except the hope of discovering a new technique, or it may 
seek to improve existing processes or techniques. Engineering 
research is carried on in universities and governmental agencies, 
and to an increasing extent in industry. 

This type of work requires an engineer with exceptional ability 
in mathematics and thorough knowldege of the engineering 
technology in the field in which he specializes (e.g., chemistry 
in the case of a chemical engineer). Patience, persistence and a 
curiosity to experiment even after repeated failure are essential 
characteristics of the researcher. 
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Applied Research and Development 


This is the adaptation of new knowledge or principles for the 
purpose of satisfying practical needs. It may involve the develop- 
ment and testing of prototypes of new products; new methods and 
techniques of analysis, production or construction; the use of 
new materials, or the solution of special problems. Applied research 
and development are more likely to bring the reward of tangible 
results than fundamental research. 


Design Engineering 


Designing consists of the application of established engineering 
principles to devise new components, products, equipment, struc- 
tures or processes to meet functional requirements or performance 
specificatons. This will involve technical problems of bulk, weight, 
shape, durability and efficiency that must be solved with due 
regard to costs, and may be complicated by demands imposed by 
the artistic industrial designer who seeks to please style-conscious 
customers. The design engineer must maintain contact with the 
research and development staff and consult frequently with the 
engineers who will be responsible for planning and carrying out 
production. 


Production and Production Planning 


Whether the project is a single item, such as a structure, or the 
factory production of many identical items, planning is essential 
for the orderly arrangement of plant equipment, machine tools, 
purchase of materials, and organization of production workers, 
so that the project will move ahead according to a predeter- 
mined sequence and schedule. 

Production engineers are in charge of routine production 
processes, plant layout, work methods and production scheduling. 
They may test the production periodically, keeping alert for ideas 
that may improve the efficiency of the production line or solving 
production problems that arise from time to time. Greater emphasis 
on production efficiency, including time-motion studies, elimination 
of fire and accident hazards, production cost records and control 
systems, production personnel training and, more recently, auto- 
matic systems, has made the industrial engineer an important 
member of the engineering team. 
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Thousands of engineering 
man-hours go into the 
design and construction 
of modern machines, 
vehicles and equipment. 
This is the draughting 
department of a large 
Canadian aircraft plant. 


Photo: NE. 


Photo: NFB 


Most engineering specifications are made up in the form of 
scale drawings. Draughting and blueprint reading are there- 
fore important engineering skills. 


Construction 


This function applies mainly to those engineers who are in 
charge of on-site construction work. They direct and oversee the 
workmanship and building material that goes into the project, 
maintain the proper sequence of work and, in general, ensure that 
construction is carried out according to design and schedule. 
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Installation 


Although installation of technical equipment is often carried 
out by technicians and tradesmen, it is necessary for engineers 
to supervise and direct installation of more complex equipment. 


Operation and Maintenance 


In the case of complex equipment these functions may be 
carried out under the direction of an engineer in charge of 
operation or maintenance. He will be responsible for seeing that 
proper operating conditions and performance are maintained, or 
arrange for regular maintenance, including a schedule of inspec- 
tion, cleaning, parts replacement and overhaul. 


Field Exploration 


Although field exploration in Canada is chiefly identified with 
seeking out and proving mineral resources, it also includes soil 
testing at the site where large structures are to be erected; hydro- 
graphic survey for water power, irrigation or flood control; investi- 
gation of perma-frost depths, and other exploration of engineering 


Photo: Graetz Bros. Limited, Montreal. 


It is quite apparent that scale models are an important stage 
in most engineering projects. The layout for this rubber mill 
can be studied, and changed if necessary, before construction 
or operation Starts. 


pf 


importance. This work usually involves travel, often in winter, to 
distant and unsettled regions, by whatever means of transportation 
available. Use of eletromagnetic and seismic instruments, diamond 
drilling and examination of core samples is customary in this type 
of work. 


The functions outlined above are the ones associated with the 
purely technical aspects of engineering. They are seldom neatly 
separated, as the above arrangement might suggest. There are 
also a number of other functions closely related to or dependent 
on a professional knowledge of engineering. 


Consulting 


This is not a function in the same sense as those outlined above 
or below; rather, it is a type of employment in which engineers, 
in business for themselves or in partnership with other engineers, 
render a variety of professional engineering services to clients on 


Consulting engineers provide a_ variety of professional 
engineering services on a fee basis. 


Photo: NFB 


a fee basis. Consulting offers opportunities for engineers, so 
inclined, to work on their own account rather than as employees. 
It gives them a measure of independence not enjoyed by employees 
but demands high technical competence and exceptional personal 
qualities. Consulting offers a wider scope for technical practice and 
demand for such services appears to be growing. 


Technical Sales and Service 


There is a growing need for sales representatives with engineer- 
ing knowledge to handle technical products. Such people must, of 
course, have good sales ability, and an engineering background 
enables them to discuss intelligently the engineering principles and 
elements of their firm’s products with the prospective buyer’s 
engineering staff. 


Teaching, Instructing and Extension Work 


One of the requisites of a profession is that its members concern 
themselves with the transmission of their knowledge to those will- 
ing and able to learn. A great deal of teaching is done by engineers, 
formally and informally, on the job, but in Canada, primary 
responsibility for teaching fundamental engineering rests with the 
universities. 


The professor of engineering at a university has advantages 
besides the satisfaction of passing on knowledge of engineering 
to students; he may also find this the best way to acquire time and 
facilities for research. Engineers are also well qualified to teach in 
institutes of technology, where technicians who assist engineers are 
trained. With teacher-training, engineers may teach the subjects 
that form the basis of their profession—mathematics, chemistry 
and physics—in secondary schools and colleges. (See CANADIAN 
OCCUPATIONS Monograph No. 44, Teacher.) 


Administration (Management and Executive Posts) 


Most of the routine, detailed, and physical labour in any 
engineering project is done by unskilled, skilled and semi-profes- 
sional workers to whom the engineer must delegate authority and 
communicate instructions. Thus, almost every engineering position 
entails supervision of some staff. 
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Functional Specialization of Engineers 
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Note: Production includes Construction, Installation, Erection, Field Exploration, 


and Layout and Location. 


Mechanical Engineering includes Industrial Engineering, and construction of 
watercraft, i.e., Naval Architecture. 
Forest Engineering includes Silviculture. 


Engineering-Physics includes Physics. 


Other includes Finance, Accounting, Budgetary Control, Personnel, and 


Industrial Relations. 


SouRCE: Economics and Research Branch, Dept. of Labour, Ottawa. Based on a 
representative one-third sample (7,157) of the engineers surveyed by the 


Department, 1959. 
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As business and industry become more and more concerned 
with modern technology and scientific management, the technical 
background of the engineer is of increasing value in administrative 
and executive positions. Advancement to these positions usually 
leads to duties with less and less technical content as the admin- 
istrative function becomes increasingly important (see Levels E 
and F, p. 43) and many qualified engineers performing this func- 
tion undoubtedly consider themselves primarily executives, rather 
than engineers. ; 


PERSONAL QUALITIES NEEDED FOR SUCCESS 


A prospective engineer should combine much curiosity regard- 
ing the how and why of Nature’s laws and phenomena, with 
incentive to learn the answers. This will be demonstrated in 
practice in a strong interest and ability in secondary school physical 
sciences: mathematics, chemistry and physics. 

In contrast to the scientist, who is concerned with knowledge 
for its own sake, the engineer as an applied scientist usually deals 
with practical problems. At the same time, the prospective engineer 
must be imaginative, because he will need to explore the universe 
of possibilities, and visualize what he seeks to create in terms of 
size, form, and function. He must be a “practical dreamer”— 
inquisitive, analytical, creative—yet always guided by cost. The 
engineer must produce things that are practicable as engineered 
creations, but they must also be economically feasible. Hence 
prospective engineers must not be averse to long and careful 
pondering of the inevitable financial aspects in every engineering 
project. 

An engineer needs the faculty for working with other people, as 
his plans are often carried out through and by others. He needs 
qualities of leadership to convince and persuade, and to assume 
the role of responsibility that is customarily the engineer’s. If a 
student does not want to be involved or bothered by supervisory 
duties or teamwork, perhaps one of the physical science fields 
would be a better choice. 

The engineer must communicate with his assistants, employers, 
and colleagues, and produce plans, specifications and reports, 
using the written and spoken word. To some extent command of 
words is a natural talent, but clear, effective speaking and 
writing can be cultivated. 
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Like all pure and applied sciences, engineering at school and 
engineering on the job have this in common: much study, analysis, 
and thought is necessary. Not only must the working engineer 
exercise his mental capacity to meet new situations, he must also 
keep abreast of developments in engineering and the natural 
sciences. Engineering is extremely dynamic in that it is constantly 
improving its methods and knowledge in order to produce the 
innovations in goods and services which are characteristic of our 
economy. 


Women in Engineering 


It should be evident to anyone reading this monograph that 
there is no reason why a woman might not be a successful engineer. 
Nevertheless, although women may be found in every major field 
of engineering in Canada, the total number of women in the 
profession is extremely small. 


On the whole, women tend to perform a narrower range of 
engineering duties than men; their more usual functions are 
research, testing, inspection, laboratory services, teaching, and 
certain production work. In other words, women are unlikely to 
be employed where a high degree of mechanical or manual activity 
is required. 


Although engineering is tradition- 
ally a man’s job, many engineering 
functions can be performed by 
women. This young lady, who 
made headlines by being the first 
female engineering graduate from 
McGill University in ten years, 
thinks there is no reason why 
more women shouldn’t enter the 
field if they have the same interest 
and aptitude. 


Photo: Montreal Gazette 


No legal restrictions prevent women from entering the profes- 
sion. However, certain aspects of engineering work tend to be 
regarded as less suitable for them than for men. Then, too, 
employers may hestitate to send women to remote locations or 
to put them into hazardous situations such as engineers sometimes 
meet. 

It is apparent, therefore, that the woman engineer is likely to 
have difficult hurdles to take, but if she has the appropriate apti- 
tudes and interests and is willing to persevere in the face of 
obstacles, she may be assured of a satisfying career. 


PREPARATION AND TRAINING 


Secondary School 


High school is the place to begin preparing for an engineering 
career. The engineering curriculum is one of the heaviest, fullest 
schedules of lectures and assignments at university and calls for 
the best efforts even of good students. It is in high school that the 
prospective engineering student should form efficient study habits 
that will help carry him through the university course. 

High school provides the groundwork of a good general educa- 
tion that includes English (or French), another modern language, 
and history, as well as mathematics and science. 

Success in engineering will depend in great measure on a 
thorough training in the fundamental sciences: physics and 
chemistry, and a facility with the language of all science: mathe- 
matics. This is emphasized by the requirements for admission to 
the courses in engineering at Canadian universities. All stipulate 
a minimum standing of 60 per cent in final-year high school papers 
in algebra, geometry, trigonometry, physics and chemistry. Some 
require an average of 66 per cent. 


University 


Four years of study at a university faculty of engineering, fol- 
lowing senior matriculation, is the customary education for 
engineers in Canada. The first year or two consists of general 
engineering principles; specialization as to field (e.g., civil, 
mechanical, electrical), is not covered until the third and fourth 
years. Some colleges that do not grant degrees in engineering 
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offer a preparatory one or two-year general course, following 
which the student transfers to a degree-granting institution for the 
final years of specialization. A representative curriculum of sub- 
jects (the same for all engineering fields) for the first and second 
year after senior matriculation would include the following: 


Mathematics: algebra, geometry (analytical and descriptive), 
trigonometry, calculus, statistics 

Natural Sciences: chemistry (organic and inorganic), physics 
(electricity, magnetism, heat, sound, light), geology 

Introductory Engineering: mechanics, materials and_ their 
strength, engineering drawing, surveying (field work), map- 
ping, engineering problems 

Language: English composition (French in French-language 
institutions ) 

Social Sciences: modern world history, history of engineering, 
history of science, engineering law. 


Most of these subjects will have been taken by the engineering 
student by the end of the second year at university. Third and 
fourth years, while continuing at a higher level some of the courses 
in the basic mathematics and sciences and general engineering 


Surveying is a basic skill 
learned by all engineering 
students. 
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of first and second years, are composed largely of courses per- 
taining to the subject matter of the particular field selected by 
the student as a specialty. The student also has some flexibility in 
these last two years to prepare for certain specialties within the 
individual field, in being allowed to choose those he prefers 
among the optional courses offered. University calendars outline 
in detail the courses and options which are available for each 
field of specialization. 

It is helpful for engineers in Canada to be bilingual. In French- 
language institutions, English-language text books are used for 
most of the courses in applied engineering and even several of 
the theoretical courses, along with texts printed in France, though 
all lectures are given in French. This is done to acquaint students 
with North American engineering methods which they will be in 
the main expected to practise (rather than French or European) 
and prepare them to co-operate and work with English-speaking 
engineers. More than half of the engineers surveyed by the Depart- 
ment of Labour stated that they speak both French and English. 
Engineers whose mother tongue is English find a knowledge of 
French useful since many of the people with whom they work, 
especially in Quebec, may be French-speaking. 

The trend in engineering education is toward broadening the 
courses by including more of the humanities and social sciences, 
even to the extent at some universities of arranging for the 
Bachelor of Arts degree to. be earned in an additional year after 
the four years for the Bachelor of Engineering. Study of such 
subjects as language, economics, modern world history, political 
science, philosophy of science occupies approximately six per 
cent of the total time of the four undergraduate years at Canadian 
universities. 

First engineering degrees are called either Bachelor of Engineer- 
ing or Bachelor of Applied Science, depending on the university 
usage. A notation is made on the diploma as to the field and 
optional specialties taken. 


Fees and Living Expenses 


The approximate range of fees, per year, for tuition is $300 to 
$700, depending on the educational institution. Living expenses 
must also be considered, especially if the student lives away from 
home. Living accommodation, including room, board, and laundry, 
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may cost from $350 to $850 per annual session, and does not 
include such items as transportation, text-books and supplies, 
clothes, entertainment, and other personal expenditures. University 
calendars usually give information on fees, type of accommodation. 
available, and approximate cost. 


Part of the expense of taking a university course can be met by 
earnings during summer vacations. There is also a steady increase 
in financial assistance for deserving students. Assistance is in the 
form of scholarships, bursaries, loan funds, etc., details of which 
may be obtained from your school principal, vocational guidance 
counsellor, or from university calendars. A publication of the 
Dominion Bureau of Statistics, University Entrance Awards, 1960, 
contains 1,200 separate entries describing scholarships and 
bursaries open to high school graduates wishing to attend Cana- 
dian universities and colleges. 


Post-Graduate Study 


Surveys made by the Economics and Research Branch of the 
Department of Labour indicate that while over 75 per cent of 
engineers surveyed have a bachelor degree in engineering less 
than ten per cent hold a master’s degree, and not more than five 
per cent, doctorates. A master’s degree may be earned in one 
year after a bachelor degree; a doctorate in two years after a 
master’s. Approximately ten per cent of the engineers are not 
university graduates, but entries into the profession in the past 
ten years or more have nearly all been by university degree. 
The tendency is more and-more not only to formal training in a 
higher educational institution as an absolute requirement, but 
there is also increasing demand for engineers with master’s 
degrees or doctorates. Surveys by the National Research Council 
reveal that students enrolled in graduate engineering studies at 
Canadian universities have risen to 637 for 1959-60 from 206 
for 1953-54—an increase of over 300 per cent in the last seven 
years! 


Vacation and Part-time Employment 


It is a generally accepted practice that, before the engineering 
degree is granted, a candidate is required to satisfy the college 
or faculty of engineering that he has completed a suitable amount 


36 


of practical work related to engineering. Requirements range from 
laboratory or field work at the university to summer vacation 
employment. 


Training in Industry 


Nearly all employers give newly graduated engineers a variety 
of assignments to help them get acquainted with the firm’s opera- 
tions. Most of the larger employers have long-term plans for 
future growth and encourage men with ambition by sponsoring 
company training courses, on salary, either on their premises or at 
nearby educational institutions. Trips to technical meetings are 
sponsored and committee and seminar activity is fostered, where 
young engineers can learn by contact with experts in their field. 
Many firms have excellent libraries and laboratories and make 
time available for research. 


After graduation the young engineer still has a great deal to 
learn. Practical experience, often in conjunction with company 
training, adds to his competence as a professional engineer. 


Photo: NFB 


Qualifying by Private Study 


It is possible for persons not holding an engineering degree to 
study privately, pass examinations set by the provincial associa- 
tions of professional engineers and in that way qualify as profes- 
sional engineers (P. Eng.). This takes many years to do by home 
study, with little recognition along the way, and only a small num- 
ber have been successful. For further information, prospective 
candidates should consult the Registrar of the association in their 
province (see below for list of associations and addresses ). 


ENTRY INTO THE PROFESSION 


The prime requisite for entry into the engineering profession is 
technical competence gained through adequate training and 
practical experience. Those wishing to use the title “Professional 
Engineer” (P. Eng.), and legally practise the engineering pro- 
fession must be registered with their provincial association of 
professional engineers. 


Registration as a professional engineer requires, as a minimum 
qualification, a bachelor degree in engineering or applied science 
from a recognized university or college and two years of practical 
engineering experience. The equivalent of a degree is the passing 
of examinations set or approved by the provincial associations. 
An engineering graduate who is in the process of attaining the 
required experience may use the title “Engineer-in-Training” or, 
in Quebec, “Junior Professional Engineer’. Undergraduates in 
university, or persons planning to write the examinations set by an 
association, may be registered with the association as students. 
Details of individual requirements for each province may be 
obtained from the following: 


The Canadian Council of Professional Engineers, 
77 Metcalfe Street, 
Ottawa, Ontario. 


Association of Professional Engineers of the Province of 
British Columbia, 

2210 West 12th Avenue, 

Vancouver 9, B.C. 


Association of Professional Engineers of Alberta, 
123 Commercial Building, 

10120 Jasper Avenue, 

Edmonton, Alberta. 
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Association of Professional Engineers of Saskatchewan, 
B.0.5Box 101; 
Regina, Sask. 


Association of Professional Engineers of the Province of Manitoba, 
Room 418, 265 Portage Ave., 
Winnipeg, Manitoba. 


Association of Professional Engineers of the Province of Ontario, 
236 Avenue Road, 

Toronto, Ontario. 

Corporation of Professional Engineers of Quebec, 

1600 Pine Avenue West, 

Montreal 25, P.Q. 


Association of Professional Engineers of the Province of 
New Brunswick, 

Room 134, Union Station, 

Saint John, N.B. 


Association of Professional Engineers of the Province of 
Nova Scotia, 

PeOw BOX 7oL; 

Halifax, N.S. 


Association of Professional Engineers of the Province of 
Prince Edward Island, 

O73, Box 15.1; 

Charlottetown, P.E.I. 


Association of Professional Engineers of the Province of 
Newfoundland, 

P.O. Box H-183, 

St. John’s, Newfoundland. 


Association of Professional Engineers of the Yukon Territory, 
r2O+ BOX -St2; 
Whitehorse, Y.T. 


Placement Assistance 


The great majority of engineers work as salaried employees, 
according to the 1951 Census of Canada. In order to become 
established in the profession, prospective engineers must therefore 
locate an employer and satisfy him as to their personal qualifica- 
tions and technical competence. Several sources of assistance are 
available to engineers and engineering students seeking 
employment. 

Information about job opportunities can be secured from the 
Executive and Professional Division of the National Employment 
Service, which works in co-operation with placement officers in 
universities. 
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Recruiting campaigns at the universities were started by private 
industry and business during the recent engineer shortage, 
graduates often having a choice of two or three different jobs. This 
was an unusual condition not likely to last after the engineering 
supply and demand had become stabilized, but it is quite possible 
that employers will continue to seek out good engineering graduates 
at the universities. 

Professional and technical associations also provide services 
designed to bring together prospective employers and engineers 
seeking employment. These include employment registers, pub- 
lished lists of vacancies, and employment desks at association 
meetings. 

Daily and weekly newspapers, technical journals, and company 
brochures often list engineering opportunities.1 Many students 
make contacts through summer employment which provide them 
with permanent positions upon graduation. 

Governments at all levels—municipal, provincial and federal— 
are extensive employers of engineering services. Canada-wide 
competitions for engineering positions with the federal government 
are posted in public buildings such as post offices, local offices of 
the National Employment Service and the Civil Service Commis- 
sion, and notices are carried regularly in the Canada Gazette and 
daily newspapers. 


Engineers Trained Outside of Canada 


Engineers who have received their training in another country 
and wish to practise in Canada as professional engineers must 
meet the legal requirements of the province where they intend to 
practise. These requirements vary somewhat from province to 
province, and exact information may be obtained from the Cana- 
dian Council of Professional Engineers or the Registrar of the 
appropriate provincial association. The provincial associations 
recognize a substantial number of engineering degrees from 
universities in all parts of the world. Individuals who do not hold 
such a degree are required to pass written examinations. 

It is pointed out that in Canada, qualification for the engineer- 
ing profession is not at all the same as certification for marine and 
stationary engineers. 


See also Engineering Careers in Canada, published annually by the Engineer- 
ing Institute of Canada. 
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WORKING CONDITIONS 


Professional engineers work under widely varying conditions, 
depending on their function at a particular time and the field in 
which they specialize. They may be called from the relative quiet of 
the research laboratory and draughting room to the heat or noise 
of the factory shop; they may leave the comfort of the engineering 
office and travel perhaps hundreds of miles to take care of an 
emergency at a distant engineering project. Engineers are employed 
throughout Canada; the majority live and work in Ontario and 
Quebec, being concentrated in large urban centres. Many Cana- 
dian engineers are working on projects in foreign countries. 


As leader of the engineering team, the engineer must take the 
responsibility for decisions involving the expenditure of large 
sums of money and affecting the lives and safety of workmen. 
Failure of a project during construction, or after its completion, 
may have costly and disastrous results. 

Engineers’ working hours usually conform to plant or office 
hours where they are employed, but periods of emergency, dif- 
ficult technical problems, or production deadlines to be met may 
involve long hours, sometimes under trying conditions. Engineers 
also have a professional responsibility to keep abreast of technical 
developments in their field by reading, conferring with engineering 
colleagues, or attending seminars. 


EARNINGS AND ADVANCEMENT 


The salaries and promotions of professional engineers reflect 
the individual’s responsibilities, performance, and qualifications 
generally. Some companies place as much importance on seniority 
as on merit, but high technical achievement is usually well 
rewarded. 


The most remunerative positions within engineering are in the 
consulting field, administration, and contracting. High salaries are 
paid for service in remote areas, probably a form of compensation 
for working and living conditions and travel away from home. 

The careers of professional engineers follow such a wide variety 
of patterns, depending on individual abilities and circumstances, 
that no single pattern could be considered representative. A solu- 
tion to the problem is found in the report of a survey conducted by 
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EARNINGS OF ENGINEERS IN 1959 . 
ACCORDING TO YEARS OF EXPERIENCE AFTER BACHELOR DEGREE 


Annual Earnings 


- BOTTOM QUARTER 


Years from Graduation 


Source: Economics and Research Branch, Department of Labour 


the Association of Professional Engineers of the Province of 
Ontario and the Corporation of Professional Engineers of Quebect. 
The survey relates level of responsibility with salary and in so 
doing, provides some indication of the possible progress of an 
engineer’s career. The following outline is abstracted from the 
report; a bachelor degree in engineering or applied science, or its 
equivalent, is prerequisite for each level. 


Level A: The beginner, with little or no practical experience, is 
usually given duties of a routine nature in office, plant, field or 
laboratory, under close supervision. Median annual salary: $5,100. 


Level B: Receives assignments of limited scope and complexity; 
assists more senior engineers in carrying out technical tasks 
requiring accuracy in calculation, completeness of data, and 
adherence to prescribed testing, analysis, design or computation 
methods. May give technical guidance to one or two junior 
engineers or technicians; must have at least two or three years 
engineering experience. Median annual salary: $6,100. 


1 Canadian Council of Professional Engineers, Report on Salaries of Professional 
Engineers by Levels of Responsibility as of July I, 1959, available on request 
from the Council. (Salaries as reported for Ontario and Quebec. The survey 
covers approximately 110 firms, most of which are relatively large.) 
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Level C: Carries out responsible and varied engineering assign- 
ments, requiring general familiarity with a broad field of engineer- 
ing. Problems usually solved by use of combinations or modifica- 
tions of standard procedures, or methods developed in previous 
assignments. Participates in planning to achieve prescribed 
objectives. Work is not generally supervised in detail, but receives 
guidance on more difficult features of the assignment. A minimum 
of three to five years of related experience is required. Median 
annual salary: $7,100. 


Level D: This is the first level of true professional supervision, or 
full specialization, and requires the application of mature engineer- 
ing knowledge in planning and conducting projects. Assignments 
are received in terms of objectives, relative priorities and critical 
areas. Work is carried out within broad guide lines, but informed 
guidance is available. The engineer assigns and outlines work, 
advises on technical problems, makes recommendations con- 
cerning selection, training, rating and discipline of staff. A 
minimum of five to eight years in the field of specialization is 
necessary. Median annual salary: $8,300. 


Level E: Usually requires knowledge of more than one field of 
engineering, or performance by an engineering specialist in a 
particular field. Participates in short and long-range planning 
and makes independent decisions on work methods and 
procedures. May supervise large groups containing both profes- 
sional and non-professional staff or may exercise authority over a 
small group of highly qualified professional personnel engaged in 
complex technical applications. Outlines more difficult problems 
and methods of approach. Co-ordinates work programs and directs 
use of equipment and material, and makes recommendations 
regarding personnel. Minimum experience, nine to twelve years of 
engineering and/or administrative experience. Median annual 
salary: $10,140. 


Level F: Usually responsible for an engineering administrative 
function, directing several professional and other groups engaged 
in interrelated engineering responsibilities, or as an engineering 
consultant recognized as an authority in an engineering field of 
major importance to the organization. Independently conceives 
programs and problems to be investigated, and participates in 
discussions determining basic operating policies. Reviews and 
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evaluates technical work; selects, schedules, and co-ordinates to 
attain objectives; as administrator, makes decisions concerning 
staff. Thirteen years or more of engineering experience, includ- 
ing responsible administrative duties, is required. Median annual 
salary: $12,220. 


Having advanced beyond this level, the engineer operates with 
broad management authority, receiving virtually no_ technical 
guidance and control, limited only by general objectives and 
policies of the organization. He plans or approves projects requir- 
ing the expenditure of a considerable amount of money and man- 
power. He is responsible for long-range planning, co-ordination, 
and making specific and far-reaching management decisions. He 
is expected to possess a high degree of originality, skill and pro- 
ficiency in the various broad phases of engineering application. 
This level is reached only after many years of authoritative 
engineering and administrative experience. Remuneration is 
usually commensurate with level of responsibility, ranging far 
beyond the salary reported for the previous level. 


A word of caution is in order. An attractive salary is not the 
only consideration when seeking job satisfaction. The interest, 
challenge, or opportunities for professional development, offered 
by various types of employment, should be carefully investigated 
in terms of one’s own personal aspirations and set of values. 


OUTLOOK FOR ENGINEERS 


Engineering activity varies from year to year, depending on 
economic conditions, causing short-term fluctuations in the demand 
for engineers. Vocational guidance counsellors and high school 
students are cautioned against basing long-range career decisions 
on short-term and often transitory employment conditions. There 
is a notable coincidence, for example, in the slackening demand 
for engineers in 1958 and 1959 and a corresponding decrease in 
engineering enrolments for these two years. The decision by a 
student in the final year of high school to become an engineer will © 
not bear fruit for nearly five years, and this will mark but the 
beginning of a productive life that can be expected to last 40 to 50 
years. To base such a decision on anything but a long-term out- 
look would hardly seem valid. There are serious limitations to 
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our ability to predict the distant future with accuracy, but broad 
generalizations can be made. 


Basically, the engineering employment outlook de- 
pends on the growth potentiality of those industries 
which employ engineers in the largest numbers, and 
upon any trends in these industries which would make 
the functions performed by engineers more or less 
important. 


It is very significant that the recent and most exhaustive survey 
of Canada’s economic future, carried out by the Royal Commis- 
sion on Canada’s Economic Prospects, found that most of the 
major employers of engineers (mining companies, manufacturing 
firms, construction contractors, and public utilities, including 
transportation and communication companies) are among those 
expected to be the fastest growing ones over the next two decades. 
In no case is their growth expected to be less than average. It 
can be concluded, therefore, that the industries which employ 
engineers in greatest numbers are also, by and large, those with the 
best future growth possibilities. 

Apart from the growth of industries mentioned above, there is 
reason to believe that the demand for the services which engineers 
perform will increase even more rapidly. In today’s world, 
economic growth is becoming more and more dependent on the 
practical use in the factory and in business, of as many as possible 
of the latest scientific discoveries. This is exactly the task of the 
engineer and the technician. 

The wide range of functions performed by engineers has already 
been outlined, and it should be re-emphasized that employers do 
not hire engineers only for complex technical jobs. Many people 
with an engineering education find their way very quickly into jobs 
which, at least on the surface, do not seem to require much 
technical knowledge. Thus engineers are found in sales jobs, in 
market analysis work, and in a great variety of administrative 
and executive positions. What is known about the kinds of careers 
followed by engineers makes it very clear that management has 
found it can utilize them efficiently in a wide range of jobs, many 
of which have little technical content. 

It is because of this that many firms hire engineers, usually new 
graduates, not primarily because of their suitability for a specific 
technical job, but rather because of their potential qualities which, 
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through training and experience with the firm, will enable them to 
make an important contribution in a variety of positions, includ- 
ing, in due course, management itself. 

To summarize, future employment prospects for engineers in 
Canada are very good. Not only are the industries which employ 
most of them expected to be, by and large, fast-growing ones in 
the future, but also the needs of these industries for people with 
engineering education will increase more rapidly. 


SOURCES OF ADDITIONAL INFORMATION 
AND GUIDANCE 


The organizations of professional engineers welcome inquiries 
from students and persons with questions regarding the engineering 
profession. The office of the National Employment Service in your 
area can provide local information. University calendars, which 
may be obtained on request, outline academic requirements, 
detailed course content, financial aid, and tuition and living costs. 
Specific questions may be directed to the appropriate staff 
members. 


Professional engineering associations help career-conscious 
students to get a glimpse of what engineering is like. 


Photo: Victor Aziz—London. 
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Practising engineers possess a wealth of first-hand experience 
which they are usually willing to share with the interested student. 
Since this source provides a very individual point of view the 
student should, if at all possible, interview several engineers. 

Almost any issue of the daily newspapers and financial publica- 
tions contain some reference to engineering. Technical journals 
and books on engineering are available in public libraries. The 
student who is alert to information regarding engineering will 
notice the abundance of such items. In this way may be accumu- 
lated a knowledge of engineering in Canada and the world, which 
is available from no other source. Biographies of successful pro- 
fessional engineers often yield a personal insight of qualities that 
make a good engineer and the challenges and rewards that 
engineering has to offer. 


Further Reading 


Books 

Beckhard, Arthur J. Electrical Genius, Nikola Tesla. New York; Messner, 
1959. 

Beatty, Charles. Ferdinand de Lesseps. London; Eyre and Spottiswood, 
1956. 


ae: J. Man the Maker. London and New York; Abelard-Schuman, 

Hill, T. L. The St. Lawrence Seaway. London; Methuen & Co., 1959. 

Norway, Neville Shute. Slide Rule. New York; Morrow, 1954. 

Parr, J. G. Man, Metals and Modern Magic. Cleveland; American Society 
for Metals, 1958. 

Rowland, John. Epics of Invention. London; Werner Lurie, 1957. 


Bulletins and Pamphlets: 

The Canadian Forester in His Job. Canadian Institute of Forestry, 1958. 

The Profession of Chemical Engineering in Canada, A Vocational Guidance 
Booklet for High School Students, The Chemical Institute of Canada, 
Ottawa: 1958. 

Engineering—A Creative Profession. Engineers’ Council for Professional 
Development, New York; 1956. 

Opportunities for Graduates in Engineering and Physical Sciences. Civil 
Service Commission of Canada, Ottawa. 

Engineering Careers in Canada. The Engineering Institute of Canada, 


Montreal. 
A Professional Guide for Junior Engineers, 1949. The Engineering In- 


stitute of Canada, Montreal: 1949. 

The Guidance Centre, Ontario College of Education, University of 
Toronto. Monographs, Engineer—Professional, 1960, Chemical Engi- 
neer, 1959, Metallurgist—Metallurgical Engineer, 1956. 

The Engineering Profession, Association of Professional Engineers of 
the Province of Manitoba, Winnipeg; 1959. 
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APPENDIX 


Other organizations with engineering membership: 


The Engineering Institute of Canada, 
2050 Mansfield Street, 
Montreal, P.Q. 


The Chemical Institute of Canada, 
48 Rideau Street, 
Ottawa, Ontario. 


The Canadian Institute of Mining and Metallurgy, 
906 Drummond Building, 
Montreal 2, P.Q. 


The Canadian Institute of Forestry, 
10 Manor Road West, 
Toronto 7, Ontario. 


The Canadian Forestry Association, 
4795 St. Catherine Street West, 
Montreal, P.Q. 


The Canadian Aeronautical Institute, 
77 Metcalfe Street, 
Ottawa, Ontario. 


Association of Consulting Engineers of Canada, 
Room 604, 

620 Cathcart Street, 

Montreal, P.Q. 


Canadian Agricultural Engineering Society, 
c/o Ontario Agricultural College, 
Guelph, Ontario. 
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CANADIAN OCCUPATIONS FILMSTRIPS 


The Department of Labour has prepared, to date, the following 
occupational filmstrips in collaboration with the National Film 
Board. A manual has been prepared as an accompaniment to each 
filmstrip. These may be purchased from the National Film Board, 
Box 6100, Montreal, or from any one of its regional offices. 


Plumber, Pipefitter and Steamfitter 

Careers in Engineering (revised in colour) 
The Social Worker 

Technical Occupations in Radio and Electronics 
Bricklayer and Stone-Mason 

Printing Trades 

Careers in Natural Science (revised in colour) 
Careers in Home Economics 

Motor Vehicle Mechanic 

Mining Occupations 

Draughtsman 

Careers in Construction 

Machine Shop Occupations 

Sheet-Metal Worker 

Careers in Meteorology 

Medical Laboratory Technologist (in colour) 
Teacher (in colour) 

Office Occupations (in colour) 


** * * ae * 


ROGER DUHAMEL, F.R.S.C. 
QUEEN’S PRINTER AND CONTROLLER OF STATIONERY 
OTTAWA, 1960 


Price 20 cents Cat. No. L43-2060 
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CANADIAN OCCUPATIONS MONOGRAPHS 


NEW: FORMAT Axe Price 25¢ 
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FOREWORD 


During recent years there has been a steadily increasing demand 
for Canadian occupational information. The demand comes from 
young people faced with the need of choosing an occupation and 
preparing for it; from parents, teachers and vocational guidance 
counsellors; from workers wishing to change their occupations; 
from employment service officers; from personnel directors and 
union officials; from prospective immigrants to Canada and from 
other quarters. 

The CANADIAN OCCUPATIONS series of monographs is designed 
to help meet this demand. Each booklet describes, among other 
things, the nature of the occupation or groups of occupations, 
entrance and training requirements, working conditions and em- 
ployment outlook. 

The series has been prepared with the generous assistance of 
representatives of management, trade unions and professional as- 
sociations. The co-operation of the Unemployment Insurance 
Commission, the Technical and Vocational Training Branch of the 
Department of Labour, and the Dominion Bureau of Statistics is 
gratefully acknowledged. 

Occupational information tends to become dated as a result 
of changes in economic conditions, in industrial technology and 
in wage and salary structure. Revision of outdated publications 
is a regular feature of the series. 

This booklet is a revision of the engineer monographs previously 
contained in Careers in Natural Science and Engineering, and was 
prepared for the Manpower Resources Division by Joseph P. 
Caccamo and William Allison, Chief of the Occupational Analysis 
Section. The help and co-operation of The Canadian Council of 
Professional Engineers, the Engineering Institute of Canada, and 
other organizations concerned with engineering is gratefully 
acknowledged. 


J. P. FRANCIS, 

Director, 

Economics and Research Branch, 
Department of Labour. 


January 1964 
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CAREERS IN ENGINEERING 


Professional engineers are applied scientists who 
make practical use of the knowledge made available 
by science. Employing methods developed by practi- 
tioners of the art of engineering over the centuries, 
they utilize the materials and forces of nature and help 
organize the human effort necessary to produce the 
goods and services that satisfy human needs and wants. 
They are senior partners—often the leaders—in a team 
of workers that deals with the technical problems 


presented by any project making use of physical science. 


Photo: NFB 


HISTORY AND IMPORTANCE 


The creation of anything man-made—a road, a bridge, an auto- 
mobile, a new chemical product, or even a better mousetrap— is 
essentially an engineering project in that the design, production 
and, in some cases, the marketing of the product is carried out or 
guided by engineers. 

Because man is by nature a builder, creating for himself a more 
comfortable world out of the materials at hand, engineers have 
been with us for a very long time. Canals, roads, fortifications and 
monuments, many of them thousands of years old, are evidence of 
the modern engineer’s heritage. In a highly complex and technological 
society such as we have today, scarcely any aspect of daily life is 
not affected, directly or indirectly, by the work of the engineer. 


Engineering in Canada 


Canada is a young country; many of her problems have been, 
and still are, those associated with growth and development. The 
very land which offered rich resources so abundantly also imposed 
difficulties of vast distances, rugged mountains, extreme winter 
conditions, and isolation from world markets. 

From the beginning, the development of Canada has been a 
colossal undertaking in engineering, marked by projects that in- 
clude spanning the continent with two railway systems and an all- 
weather motor vehicle highway; the completion of an inland water 
route that takes seagoing ships deep into the heart of the continent; 
completion of a multi-channel microwave communication system 
from coast to coast; exploitation of forest, mineral and water-power 
resources, and the establishment of a substantial manufacturing 
industry that is still growing rapidly. 

Until the last quarter of the nineteenth century this work was 
carried out by engineers trained in Great Britain, the United States, 
and various European educational institutions. Courses in engineer- 
ing were first offered at the University of New Brunswick, McGill 
University, L’Ecole Polytechnique of the University of Montreal, 
and the University of Toronto. The first association of practising 
engineers in Canada was formed in 1887 as the Canadian Society 
of Civil Engineers, and in 1918 was renamed the Engineering Institute 
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Studying the scale model of the St. Lawrence Seaway and Power 
Project, one of the great engineering projects of our time. 
Photo: Ontario Hydro 


of Canada and broadened in scope to include all fields of engineering. 
The Canadian Council of Professional Engineers, formed in 1936, 
groups the provincial associations of professional engineers and 
represents the profession at the national level. 


Engineers trained abroad have continued to seek and find careers 
in Canada, but facilities for training young Canadians have ex- 
panded rapidly, and at least 32 universities and colleges now offer 
one or more years of training leading to a degree in a variety of 
engineering fields. It is difficult to state the exact number of engineers 
in the country. Many people trained as engineers are engaged in 
work not ordinarily thought of as engineering, such as administration 
(see p. 30). The Department of Labour estimated that in 1951 there 
were about 35 thousand persons in Canada who had an engineering 
degree or its equivalent. By 1963, the estimate was nearly 50 thousand. 
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THE MAJOR FIELDS OF ENGINEERING 


At one time, much engineering consisted of the construction of 
roads, canals, fortifications and machines for the waging of war. 
The Rideau Canal, built in 1826-32 by Col. John By, Royal Engi- 
neers, “‘to carry military traffic safely past American border waters”’, 
is one example. All other engineering of a non-military nature was 
therefore called “‘civil’” engineering. With the increasing complexity 
of modern technology, “‘civil’” engineers have tended to assume the 
name of the technological field in which they specialize, e.g., chem- 
ical, electrical, mechanical, etc. There is still some overlapping 
among the various fields, and no engineer can function in his own 
special field to the exclusion of all others. 


A civil engineer checks the progress of a new cement plant 
under construction. Photo: NFB 


CIVIL ENGINEERING 


The term “‘civil engineer’? now applies to those concerned with 
the creation of new or improved stationary structures of a ‘‘capital’’ 
rather than a “‘consumption” nature, and the surveying and re- 
construction of geographic features of the earth. 

Civil engineering includes four divisions: 

Transportation— 

highways, streets, railroads, elevated viaducts, pipelines and 
airports 

Structural— 

bridges, tunnels, subways, factory buildings, housing for power 
projects, electric transmission-line towers 

Hydraulic— 

dams, flood controls, irrigation systems, harbours, canals, 
reservoirs 

Sanitary— 

drinking water, drainage, sewage, waste-disposal systems. 


The structure of the earth is such an important factor in most 
civil engineering projects that soil mechanics has become a specialty 
for many civil engineers. Other specialties are municipal engineering, 
community planning and traffic engineering. Surveying is a separate 
and distinct field of work, although it is practised as an important 
part of all civil engineering. 

The civil engineer’s work often takes him outdoors, demands 
much active effort on the job, and places responsibility on him for 
great numbers of workers. Civil engineers are often ‘“‘on the move’. 
They are required on construction projects in remote areas and 
even in a settled area where a large project may keep them in one 
place for several years, eventually the project is completed and 
many of the engineers must move on. The vastness of Canada 
means that a great deal of travel is involved in this work. Obviously 
a civil engineer is more apt to enjoy his work if he is physically 
sturdy, likes to work with and direct others, and is prepared to 
work on the construction site and in various parts of Canada at 
least in the earlier years of his career. 

The civil engineering field is so broad that many new specialties 
within it, including structural, highway, hydraulic, railroad, sanitary, 
and public health engineering, are crystallizing into separate fields, 
for which students may prepare particularly by some undergraduate 
concentration or a post-graduate degree. 


I] 


ELECTRICAL ENGINEERING 


The field of the electrical engineer includes the systems, apparatus, 
and appliances whereby electricity is generated, transmitted, and 
controlled for light, heat, power, communication and electro-therapy. 


Electrical engineering may be divided into four divisions: 


Power— 

generation, transmission and distribution of electrical energy; 
design, manufacture and operation of electrical apparatus and 
machinery (power transmission lines, transformers, electric 
sub-stations, industrial electric motors, generators, electro- 
chemical plants, and electrical measurement and control systems 
in other industrial products, e.g., aircraft, watercraft, electric 
railroad engines, automobiles); other applications in home, 
transportation and industry. 


Communications— 
telephone, telegraph, radar, sound recording, radio, television, 
telephoto, teletype 


Illumination— 
lighting in homes, offices, plants, schools, streets, etc. 


Electronics— 
all electrical engineering that involves the passage of electricity 
through vacuum tubes, low-pressure gas tubes, and solid semi- 
conductors (transistors), providing controlled electron flow. 
This includes the measuring, switching, signalling and control 
by electronic impulses of manufacturing processes and apparatus 
of many types. 


The manufacture of electronic components in Canada dates from 
the production of radio-receiver sets immediately after World War 
I. By 1923 several large companies were in this field and by 1937 
over 80 per cent of radio receivers in Canada were Canadian-made. 
With the advent of World War II Canada was able to play a leading 
role in the development and manufacture of electronic equipment 
used by the Allied armies. 


The Canadian electronics industry has continued to grow in the 
post-war period, despite heavy competition from other nations. 
Well over one hundred electronic companies produce all types of 
home-entertainment, commercial, industrial and military equipment 
in Canada today and every month sees new discoveries in this field 
that create further uses for electronic components and end-products. 
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An engineer sets up an electronic analogue computer to work 
out a mine-hoist experiment. Actual conditions simulated on 
this equipment can be studied and problems eliminated before 
the mine equipment is designed, manufactured or installed. 
Photo: Canadian General Electric 


Canada has many major electrical utilities, and their operation 
requires large electrical engineering staffs. Water-power, steam and 
diesel engines are all used to generate electricity, but water-power 
outstrips the others by a very wide margin. This usually means that 
high-voltage transmission lines are required to bring the power to 
load centres. A nuclear-powered electrical generating plant has 
been built in Ontario and others are planned. 

Canadian industry is heavily electrified, and while manufacturers 
of electrical equipment have undoubtedly the greatest need for large 
staffs of electrical engineers, there are many other types of industry 
that also require electrical engineering personnel. The quantity of 
electrical power and the complexity of electrical systems used by 
modern paper, steel, and textile mills, chemical and automobile 
plants, mines, etc., are sufficiently great to require planning and 
operation by electrical engineers. 
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MECHANICAL ENGINEERING 


Mechanical engineers are especially qualified in the design and 
supervision of the manufacture, sale, and operation of machines 
and mechanisms that produce, transmit, or use power. 


The mechanical field embraces four divisions: 


Power-generating machines— 
steam, diesel and other internal combustion, tidal and wind- 
power engines, and hydraulic or gas turbines 


Power-transmission and materials-handling equipment— 
conveyors, gears, shafting, and heat-transfer 


Power-using motors and bodies— 
machine tools, fans and other appliances, industrial furnaces, 
automobiles, locomotives, aircraft, and marine vessels 


Heating and ventilating— 
air-conditioning. 


The scope of mechanical engineering is so wide and its services 
so universally needed as a basic part of all kinds of engineering 
projects, that it is not surprising to find these engineers in demand 
in a variety of industries in all parts of Canada. The development 
of Canadian heavy industry in metal fabrication, machinery and 
other fields since World War II has increased the need for mechanical 
engineers. | 


Since mechanical engineers work principally in manufacturing 
industries or on operation and maintenance work in power plants, 
they are likely to live in or near large population centres. They 
often direct and plan the work of others in the plant. Whether the 
product is electrical, chemical, or metallurgical in nature, mechanical 
engineers must work in close association with all the other engi- 
neering fields. They must become acquainted, sooner or later, with 
the various types of machine tools in order to have the proper 
layout of shop facilities ready for production. 


Industrial engineers specialize in the production function (see 
page 26), with emphasis on industrial and engineering analysis. 
Training in this area is relatively new in Canada, and has been 
introduced only recently in the course of studies at the University 
of Toronto. 
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CHEMICAL ENGINEERING 


Chemical engineers are a good example of the engineer as a link 
between science and production. Their work involves adapting the 
laboratory process of the chemist to an efficient, low-cost, mass- 
produced commercial scale. It includes design, construction, and 
operation-management of plant and equipment that uses chemicals, 
rearranges the elements of nature to create improved or entirely 
new substances, and chemically tests products. 

The field of chemical engineering cannot be clearly defined. The 
contribution of chemistry in a modern economy is all-pervasive; 
without it, few goods and services would be as effective as they are, 
and a great many owe their very being to chemistry. Rapidly ex- 
panding chemical developments in Canada are synthetic textiles, 
plastics, plywood, food processing, drugs, paints, and building 
materials. Because the use of chemistry is so widespread, opportunity 
for chemical engineers is correspondingly wide. Chemical engineers 
find employment in all industrial processes where chemistry plays 
a part, or where a knowledge of chemistry and engineering is valu- 
able, as well as in the chemical industries proper. 

The chemically oriented student should be sure that he wants 
to do engineering work before deciding on chemical engineering. 
If his interest is in testing and research rather than production, 
he should perhaps consider being a research scientist in chemistry. 


Photo: NFB by Malak 


MINING ENGINEERING 


Mining engineers are concerned with the production of minerals, 
petroleum and natural gas, and other useful elements, that are 
mined from the earth. In Canada their broad field of operations 
includes exploration of unknown territory, development of promis- 
ing deposits, supervision of surface and underground mining, milling 
and other primary treatment of ores, and mine-to-market operations. 


The main mineral-products divisions are: 
Metallics (e.g., iron) 
Non-metallics (e.g., asbestos) 
Fuels (e.g., petroleum) 
Structural materials (e.g., gravel) 


It is not uncommon for a mining engineer to specialize in a 
particular mineral (e.g., coal), type of mineral (e.g., non-metals), 
or some aspect of mining (e.g., digging and conveying machinery 
or power and air-conditioning equipment). 


Mineral wealth is one of Canada’s main assets, exceeded in value 
of product only by forestry and agriculture. Abundant and varied 
mineral resources not only feed our expanding processing and 
manufacturing establishments but are also very important as a 
stock of materials and goods which the nation may exchange inter- 
nationally for the many products wanted from other countries. 
Mineral output in Canada more than tripled during the period 
1947-58; new deposits are discovered regularly, many new mines 
begin to be worked each year, yet only a small fraction of the 
expansive stretches of Canada have been investigated for mineral 
content. 


The need to maintain competitive efficiency and safety and reduce 
hard physical labour has forced mines to become increasingly 
mechanized and complex. However, labour is still the larger part 
of mining costs, and most of the men to whom the mining engineer 
must provide direction have worked in mining all of their lives. 
No amount of academic training can take the place of working 
familiarity obtained in the mine. The mining engineer will likely 
be required to start at the bottom of the ladder as surveyor or 
sampler at the mine!l, but his academic qualifications and ability 


1See CANADIAN OCCUPATIONS Monograph 14, Mining Occupations. 
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should enable him to move quickly upward through the operating 
ranks. To attain a position in the management ranks of the mining 
industry is a natural ambition of mining engineers; chances of success 
are good for a capable person, as most of the personnel in these 
posts are graduate mining engineers. 

The mining engineer may find employment with companies that 
manufacture equipment, machines and engines used in mining. 
Government agencies do research in minerals and mining methods 
and employ mining engineers to administer the laws pertaining to 
mines. Mining engineers are considered well qualified to carry out 
some aspects of operations in the construction industry such as 
excavating and tunnelling. 

Mining engineers in management positions often find themselves 
in a far broader field than even their operating responsibilities. 
It may include the organization and creation of a sizeable mining 
community and associated services and facilities at the site of an 
isolated bush camp. 

Geological engineers are closely related to mining engineering, 
as they are concerned with field exploration, discovery and proving 
of mineral deposits. This includes the work of determining if the 
deposit is valuable enough to be mined commercially, and consider- 
ation of other factors such as accessibility, and available water and 
power supply. 


Photo: Dept. of Mines and Technical Surveys 


PETROLEUM ENGINEERING 


Developments in the oil industry during recent years in Canada 
have been outstanding, and are having an important effect on the 
Canadian economy. The search for, discovery, and development 
of substantial oil reserves in Western Canada have so far been the 
most significant. Petroleum engineering is a division of mining 
engineering but has become a specialized type of work requiring 
considerably different training. 


The petroleum engineer has to deal with any of a number of 
matters relating to the occurrence of petroleum: exploration methods, 
reservations and leases, field definition, well spacing, drilling equip- 
ment and methods, examining core samples, well finishing, well 
records, pumping, control of wells, design and construction of 
storage and transportation facilities, and general appraisal of oil 
and gas properties. Petroleum reservoir engineering Is an area of 

specialization in which engineers 
are concerned with estimating the 
potential of oil and gas reservoirs 
for future production. 


In the field of petroleum en- 
gineering, the distinction between 
petroleum production engineering 
and petroleum refinery engineering 
should be understood. Petroleum 
refining is an application of chem- 
ical engineering to the petroleum 
processing industry. Those inter- 
ested in this phase should study 
the regular course of chemical 
engineering in which training in 
organic chemistry and in methods 
of separating and refining crude 
oils is included. 
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Photo: NFB by B. Beaver 


AERONAUTICAL ENGINEERING 


Aeronautical engineers specialize in the design, testing and con- 
struction of aircraft and, more recently, guided missiles, rockets, 
satellites and space craft. 

For a country of relatively small population, Canada has made 
some substantial contributions to the field of aeronautics and space 
technology. The first major contribution was the aerodynamic re- 
search work in a wind tunnel built in New Brunswick by W. R. 
Turnbull even before the Wright brothers made their first flight in 
1903. In the design and production of jet aero engines, airframes 
and armament systems, in the high quality of its engineering staffs, 
and in the production records it has achieved through the years, 
Canada has won world recognition. Work in aeronautics has been 
extended to space technology with the development of the Black 
Brant high-altitude research rocket and the Alouette satellite, both 
of which have performed with outstanding success. 

Modern aeronautics is based largely on mechanical engineering 
and engineering physics with specialization in aerodynamics. Option- 
al courses in this subject are offered at the University of British 
Columbia, Laval University, and McGill University. The University 
of Toronto offers both undergraduate and graduate studies in 
Aeronautical/Astronautical Engineering in connection with its 
course in Engineering Physics. 


The space age offers a new and exciting challenge to engineering. 
Photo: Avro Aircraft Limited 


AGRICULTURAL ENGINEERING 


From the application of engineering technology to agriculture 
there is emerging a new expert: the agricultural engineer. He com- 
bines a knowledge of agricultural science with training in some 
aspects of mechanical, chemical, electrical or civil engineering. 
Depending on his technical background, his work may be concerned 
with one or more of the following areas: farm machinery; farm 
structures; irrigation; soil conservation; land clearing, drainage and 
reclamation; farm electrification; and many others. 

Persons with this combination of sciénce and engineering tech- 
nology are employed by universities and government agencies for 
research, teaching and extension work, and by private industries 
which handle agricultural products or service the agricultural 
industry. 

University training varies. It is usually obtained in a faculty of 
agriculture and may lead to the degree of Bachelor of Science with 
a major in Agricultural Engineering, or to a Bachelor degree in 
Agricultural Engineering. Prospective students should check carefully 
with the university registrar to make sure the courses offered are 
appropriate for their vocational plans to become a professional 
engineer. 


FOREST ENGINEERING 


Canada’s forests and forest industries play a vital part in our 
national economy. Total forested land amounts to more than 
1,700,000 square miles, of which nearly 60 per cent contains market- 
able timber. 

Forest Engineers are chiefly engaged in the conservation and 
harvesting of the forest crop. Engineering skill is needed to construct 
forestry roads, to improve streams for driving logs, to construct 
dams and bridges, and to solve many other problems associated with 
cutting, extracting and transporting logs from forests to markets. 
Forest engineers spend considerable time preparing maps and in- 
ventories of forest property and are responsible for developing a 
cutting schedule to provide continuity of supply of a crop that may 
take a century to mature. Increasing emphasis on scientific manage- 
ment, conservation and utilization will expand the future role of the 
engineer in Canada’s forest industry. 

Distinction between forest engineering and forest science is not 
always clear cut, and students should examine their basic interests 
in the light of the qualities needed for success, outlined on page 32, 
if choosing between a course in forestry as a scientist or as an 
engineer. They should also make certain that the university they 
select offers the forestry course consistent with their interests. 
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ENGINEERING PHYSICS 


The engineering physicist utilizes theory and knowledge that the 
physicist has discovered and formulated, by creating the machinery 
and processes that make it useful. Industrial applications of physics 
provide new and better goods and services, and discoveries in 
physics, when translated into practical methods and machines with 
the help of the engineer, are basic to advance in other natural 
sciences. The nature and properties of light, electricity, magnetism, 
heat, sound and matter, are within the immediate scope of the 
engineering physicist, and include atomic or nuclear physics, fluid 
mechanics, optics, acoustics, aeronautics, and geophysics. 

Engineering physicists are usually employed to do fundamental 
research or developmental work toward the solution of a specific 
problem. They often deal with new ideas and unexplored areas, or 
problems that require a completely new approach. Machinery and 
equipment may have to be devised to carry out investigations which 
broaden man’s knowledge of natural phenomena. In industry, 
engineering physicists are needed for development and production- 
line work by manufacturers whose products and production pro- 
cesses are highly technical. Various governmental and industrial 
laboratories engage engineering physicists for pure and applied 
engineering research. 


The harnessing of nuclear energy for peaceful purposes presents 
many engineering problems. Photo: Gilbert A. Milne & Co., Toronto 


Ina Nuclear Electric Generating Static 
the principle of power generahion is the s 
as in'any thermal: electric plant. The dis 
ration of the fuel (URANIUM) in Fhe 
nace (REACTOR). releases great 
Botihes of heat. The heat is conveyec 
bbe heat exchanger in which the steam 
d. This steam drives the turbo 
st as it does ina conventiona 
I fired thermal electric static 
enerpy of the steam into 


METALLURGICAL ENGINEERING 


> | 
= 
4 


Engineers in physical metallurgy watch the reheating of an 
ingot in the “soaking pit’ preparatory to processing in the 
rolling mill. Photo: NFB 


Metallurgical engineering falls into four areas of work: 

1. Extracting, concentrating, treating, and refining of metals. 

2. Adapting metals and alloys to industrial use. 

3. Fabricating and moulding metals and alloys into desired 
shapes for industrial use. 

4. Studying earths, ores, metals, and alloys, their structure and 
constitution, physical and mechanical properties; separating, 
combining, or conditioning metals to obtain new qualities. 


Metallurgical engineers devise and direct the construction and 
Operation of apparatus, machinery and other equipment used to 
investigate the properties of metallic minerals and their useful 
elements, or to concentrate these substances and alter their form 
and qualities. If they are mainly involved in the concentration of 
the valuable part of a mineral into useable form and quantity, they 
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are in the division called extractive or process metallurgy. Engineers 
in the physical division convert the material into the final product. 


The processing of metallic and non-metallic ores has been an 
important Canadian industry for many years and Canada now 
stands among the major world producers of nickel, aluminum, 
gold, magnesium and Zinc, silver, copper, lead, asbestos, iron and 
uranium. Until 1939, operations in the Sudbury area in Ontario, 
Noranda and Thetford Mines in Quebec, and the Kootenay district 
of British Columbia accounted for most of the country’s output. 
Since that time, the discovery and exploitation of many new deposits, 
expanding markets, and further technological improvements, have 
raised the mineral processing industry to the level of importance it 
enjoys in the Canadian economy today. 


The metallurgical engineer’s work is based on a knowledge of 
metals, chemistry and solid-state physics. The student must have 
good ability in chemistry and physics as well as mathematics, and 
be interested in metals and the:r uses. Metallurgical engineers have 
adapted themselves relatively easily to positions in related occupa- 
tions commonly held by chemists, chemical engineers and physicists. 


Ceramic engineering is a closely related but considerably special- 
ized field and consists of the recovery and processing of non-metallic 
minerals. Methods and equipment used are similar to those for 
metals. The types of products common to the ceramic industry are 
structural clay or shale, bricks and blocks; porcelain enamel; 
refractories for lining furnaces against high temperatures; pottery 
and whitewares; glass; abrasives for grinding and finishing; cement, 
lime and gypsum. 
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WHAT ENGINEERS DO 


Broadly speaking, the professional engineer works with the forces 
and resources of nature to create new products and services for the 
satisfaction of human wants. 


He is primarily interested in the inanimate, structural, mechan- 
ical aspect of things, keeping in mind, of course, their social and 
economic implications. In the sense that he is a scientist, he is a 
‘“‘physical scientist’” working mainly with material phenomena. But 
while the scientist proper strives to enlarge mankind’s consciousness 
of the universe and laws of cause and effect, the engineer is pre- 
dominantly responsible for putting the resources of science to work. 
He is more interested in operating power than in power itself, more 
in using things than in the state of things. To a greater degree than 
the scientists, the engineer must nearly always pay close attention 
to the human, economic and financial factors involved in projects 
undertaken. 


The engineer does not usually work alone, but in the company 
of a team that includes other engineers, as well as technicians and 
tradesmen. Many individuals, with a combination of intelligence, 
better-than-average technical training, and experience, render 
valuable assistance to engineers as technicians!, often doing work 
of a very complex nature that approaches professional engineering. 


1. For further information, see CANADIAN OCCUPATIONS Monograph No. 48 Technicians in Science 
and Engineering. 


The engineer works in a team that includes other engineers, as well as 
technicians and tradesmen. Photo: de Havilland Aircraft of Canada Limited. 


Tradesmen—electricians, welders, machinists and mechanics— 
follow the techniques of their craft to carry out the practical aspects 
of fabrication and installation. 


Students who feel after reading this monograph that engineering 
is not for them, though they want to do technical or mechanical 
work, might consider a skilled occupation as a technician or trades- 
man. Other monographs in the CANADIAN OCCUPATIONS series 
describe these in detail (see inside front cover). Such careers offer 
satisfying and well paid employment to individuals who are qualified 
and personally fitted for them. The full utilization of the engineer’s 
creative power and knowledge depends greatly on the help of 
laboratory assistants, technicians, draftsmen and tradesmen. 


Functions 


A professional engineer—whether in the chemical, mining, electri- 
cal or any other field—usually finds himself engaged in one or more 
of several activities or functions. Eventually, if he is fortunate, he 
will be able to concentrate on the particular activity which he feels 
best fitted to perform. Within each field there is a choice of function, 
although some activities are more characteristic of a particular field 
of engineering. For example, a fairly high percentage of civil engineers 
are employed in construction, which occupies much smaller groups 
of engineers in other fields. A chart on page 31 shows how the 
following functions are distributed among the various engineering 
fields. 


Research and Development 


Research is necessary for the advancement of engineering tech- 
nique and use of scientific discovery. Fundamental research is 
usually exploratory and experimental; it may have no immediate 
goal except the hope of discovering a new technique, or it may seek 
to improve existing processes or techniques. Engineering research 
is carried on in universities and governmental agencies, and to an 
increasing extent in industry. 

This type of work requires an engineer with exceptional ability 
in mathematics and thorough knowledge of the engineering tech- 
nology in the field in which he specializes (e.g., chemistry in the case 
of a chemical engineer). Patience, persistence and a curiosity to 
experiment even after repeated failure are essential characteristics 
of the researcher. 
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Applied research and development is the adaptation of new 
knowledge or principles for the purpose of satisfying practical needs. 
It may involve the development and testing of prototypes of new 
products; new methods and techniques of analysis, production or 
construction; the use of new materials, or the solution of special 
problems. Applied research and development are more likely to 
bring the reward of tangible results than fundamental research. 


Design Engineering 


Designing consists of the application of established engineering 
principles to devise new components, products, equipment, struc- 
tures or processes to meet functional requirements or performance 
specifications. This will involve technical problems of bulk, weight, 
shape, durability and efficiency that must be solved with due regard 
to costs, and may be complicated by demands imposed by the 
artistic industrial designer who seeks to please style-conscious 
customers. The design engineer must maintain contact with the 
research and development staff and consult frequently with the 
engineers who will be responsible for planning and carrying out 
production. 


Production, Operation, Maintenance 


Whether the project is a single item, such as a structure, or the 
factory production of many identical items, planning is essential 
for the orderly arrangement of plant equipment, machine tools, 
purchase of materials, and organization of production workers, 
so that the project will move ahead according to a predetermined 
sequence and schedule. 


Production engineers are in charge of routine production pro- 
cesses, plant layout, work methods and production scheduling. 
They may test the production periodically, keeping alert for ideas 
that may improve the efficiency of the production line or solving 
production problems that arise from time to time. Greater emphasis 
on production efficiency, including time-motion studies, elimination 
of fire and accident hazards, production cost records and control 
systems, production personnel training and, more recently, auto- 
matic systems, has made the industrial engineer an important member 
of the engineering team. 
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Thousands of engineering 
man-hours go into the 
design and construction 
of modern machines, 
vehicles and equipment. 
This is the drafting 
department of a large 
Canadian aircraft plant. 


Most engineering specifications are made up in the form of 
scale drawings. Drafting and blueprint reading are therefore 
important engineering skills. Photo: NFB 


In the case of complex equipment, operation or maintenance 
may be carried out under the direction of an engineer. He will be 
responsible for seeing that proper operating conditions and per- 
formance are maintained, or arrange for regular maintenance, in- 
cluding a schedule of inspection, cleaning, parts replacement and 
overhaul. 
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Construction, Installation, Erection 


This function applies mainly to those engineers who are in charge 
of on-site construction work. They direct and oversee the work- 
manship and building material that go into the project, maintain 
the proper sequence of work and, in general, ensure that construction 
is carried out according to design and schedule. 


Although installation of technical equipment is often carried out 
by technicians and tradesmen, it is necessary for engineers to super- 
vise and direct installation of more complex equipment. 


Field Exploration 


Field exploration in Canada is chiefly identified with seeking out 
and proving mineral resources, but it also includes soil testing at 
the site where large structures are to be erected; hydrographic survey 
for water power, irrigation or flood control; investigation of perma- 


It is quite apparent that scale models are an important stage 
in most engineering projects. The layout for this rubber mill 
can be studied, and changed if necessary, before construction 
or operation starts. Photo: Graetz Bros. Limited, Montreal 
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frost depths, and other exploration of engineering importance. This 
work usually involves travel, often in winter, to distant and un- 
settled regions, by whatever means of transportation available. Use 
of electromagnetic and seismic instruments, diamond drilling and 
examination of core samples is customary in this type of work. 


The functions outlined above are the ones associated with the 
purely technical aspects of engineering. They are seldom neatly 
separated, as the above arrangement might suggest. There are also 
a number of other functions closely related to or dependent on a 
professional knowledge of engineering. 


Consulting is not a function in the same sense as those outlined 
above or below; rather, it is a type of employment in which engineers, 
in business for themselves or in partnership with other engineers, 
render a variety of professional engineering services to clients on 
a fee basis. Consulting offers opportunities for engineers, so inclined, 
to work on their own account rather than as employees. It gives 
them a measure of independence not enjoyed by employees but 
demands high technical competence and exceptional personal 
qualities. Consulting offers a wider scope for technical practice and 
demand for such services appears to be growing. 


Consulting engineers provide a variety of professional engineer- 
ing services on a fee basis. Photo: NFB 


Sales, Service, Marketing, Purchasing 


There is a growing need for sales representatives with engineer- 
ing knowledge to handle technical products. Such people must, of 
course, have good sales ability, and an engineering background 
enables them to discuss intelligently the engineering principles and 
elements of their firm’s products with the prospective buyer’s engi- 
neering staff. 


Teaching, Instructing and Extension Work 


One of the requisites of a profession is that its members concern 
themselves with the transmission of their knowledge to those will- 
ing and able to learn. A great deal of teaching is done by engineers, 
formally and informally, on the job, but in Canada, primary responsi- 
bility for teaching fundamental engineering rests with the universities. 


The professor of engineering at a university has advantages 
besides the satisfaction of passing on knowledge of engineering to 
students; he may also find this the best way to acquire time and 
facilities for research. Engineers are also well qualified to teach in 
institutes of technology, where technicians who assist engineers are 
trained. With teacher-training, engineers may teach the subjects 
that form the basis of their profession—mathematics, chemistry 
and physics—in secondary schools and colleges. (See CANADIAN 
OCCUPATIONS Monograph No. 44, Teacher.) 


Administration (Management and Executive Posts) 


Most of the routine, detailed, and physical labour in any engi- 
neering project is done by unskilled, skilled and semi-professional 
workers to whom the engineer must delegate authority and com- 
municate instructions. Thus, almost every engineering position 
entails supervision of some staff. 


As business and industry become more and more concerned 
with modern technology and scientific management, the technical 
background of the engineer is of increasing value in administrative 
and executive positions. Advancement to these positions usually 
leads to duties with less and less technical content as the admin- 
istrative function becomes increasingly important (see Levels E 
and F, p. 44) and many qualified engineers performing this function 
undoubtedly consider themselves primarily executives, rather than 
engineers. 
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Distribution of Engineers by Work Function 


in Selected Specializations, 1962 
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47 


Economics and Research Branch, Department of Labour, Ottawa. 


The data relate to a total of 10,399 engineers surveyed by the Department 


in 1962. 
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PERSONAL QUALITIES NEEDED FOR SUCCESS 


A prospective engineer should combine much curiosity regarding 
the how and why of Nature’s laws and phenomena, with incentive 
to learn the answers. This will be demonstrated in practice in a 
strong interest and ability in secondary school physical sciences: 
mathematics, chemistry and physics. 


In contrast to the scientist, who is concerned with knowledge 
for its own sake, the engineer as an applied scientist usually deals 
with practical problems. At the same time, the prospective engineer 
must be imaginative, because he will need to explore the universe 
of possibilities, and visualize what he seeks to create in terms of 
size, form, and function. He must be a “‘practical dreamer’’— 
inquisitive, analytical, creative—yet always guided by cost. The 
engineer must produce things that are practicable as engineered 
creations, but they must also be economically feasible. Hence 
prospective engineers must not be averse to long and careful pon- 
dering of the inevitable financial aspects in every engineering project. 


An engineer needs the faculty for working with other people, as 
his plans are often carried out through and by others. He needs 
qualities of leadership to convince and persuade, and to assume 
the role of responsibility that 1s customarily the engineer’s. If a 
student does not want to be involved or bothered by supervisory 
duties or teamwork, perhaps one of the physical science fields would 
be a better choice. 


The engineer must communicate with his assistants, employers, 
and colleagues, and produce plans, specifications and reports, using 
the written and spoken word. To some extent command of words 
is a natural talent, but clear, effective speaking and writing can be 
cultivated. 


Like all pure and applied sciences, engineering at school and 
engineering on the job have this in common: much study, analysis, 
and thought is necessary. Not only must the working engineer 
exercise his mental capacity to meet new situations, he must also 
keep abreast of developments in engineering and the natural sciences. 
Engineering is extremely dynamic in that it is constantly improving 
its methods and knowledge in order to produce the innovations in 
goods and services which are characteristic of our economy. 
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Women in Engineering 


It should be evident to anyone reading this monograph that there 
is no reason why a woman might not be a successful engineer. 
Nevertheless, although women may be found in every major field 
of engineering in Canada, the total number of women in the pro- 
fession is extremely small. 


On the whole, women tend to perform a narrower range of 
engineering duties than men; their more usual functions are research, 
testing, inspection, laboratory services, teaching, and certain pro- 
duction work. In other words, women are unlikely to be employed 
where a high degree of mechanical or manual activity is required. 


No legal restrictions prevent women from entering the profes- 
sion. However, certain aspects of engineering work tend to be 
regarded as less suitable for them than for men. Then, too, em- 
ployers may hesitate to send women to remote locations or to put 
them into hazardous situations such as engineers sometimes meet. 


Although engineering is traditionally 
a man’s job, many engineering func- 
tions can be performed by women. 
This young lady, who made headlines 
by being the first female engineering 
graduate from McGill University in 
ten years, thinks there is no reason 
why more women shouldn't enter the 
field if they have the same interest 
and aptitude. Photo: Montreal Gazette 
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It is apparent, therefore, that the woman engineer is likely to 
have difficult hurdles to take, but if she has the appropriate aptitudes 
and interests and is willing to persevere in the face of obstacles, she 
may be assured of a satisfying career. 


PREPARATION AND TRAINING 


Secondary School 


High school is the place to begin preparing for an engineering 
career. The engineering curriculum is one of the heaviest, fullest 
schedules of lectures and assignments at university and calls for 
the best efforts even of good students. It is in high school that pros- 
pective engineering students should form efficient study habits that 
will help carry them through the university course. 


High school provides the groundwork of a good general education 
that includes English (or French), another modern language, and 
history, as well as mathematics and science. 


Success in engineering will depend in great measure on a thorough 
training in the fundamental sciences: physics and chemistry, and a 
facility with the language of all science, mathematics. This is em- 
phasized by the requirements for admission to the courses in engi- 
neering at Canadian universities. All stipulate a minimum standing 
of 60 per cent in final-year high school papers in algebra, geometry, 
trigonometry, physics and chemistry. Some require an average of 
66 per cent. 


University 


Four years of study at a university faculty of engineering, fol- 
lowing senior matriculation, is the customary education for engineers 
in Canada. The first year or two consists of general engineering 
principles; specialization as to field (e.g., civil, mechanical, electrical), 
is not covered until the third and fourth years. Some colleges that 
do not grant degrees in engineering offer a preparatory one or two- 
year general course, following which the student transfers to a 
degree-granting institution for the final years of specialization. A 
representative curriculum of subjects (the same for all engineering 
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fields) for the first and second year after senior matriculation would 
include the following: 


Mathematics: algebra, geometry (analytical and descriptive), trig- 
onometry, calculus, statistics 

Natural Sciences: chemistry (organic and inorganic), physics 
(electricity, magnetism, heat, sound, light), geology 

Introductory Engineering: mechanics, materials and their strength, 
engineering drawing, surveying (field work), mapping, engi- 
neering problems 

Language: English composition (French in French-language 
institutions) 

Social Sciences: modern world history, history of engineering, 
history of science, engineering law. 


Most of these subjects will have been taken by the engineering 
student by the end of the second year. at university. Third and 
fourth years, while continuing at a higher level some of the courses 
in the basic mathematics and sciences and general engineering 
of first and second years, are composed largely of courses per- 
taining to the subject matter of the particular field selected by the 
student as a specialty. The student also has some flexibility in these 


Surveying is a basic skill learned 
by all engineering students. 
Photo: NFB 
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last two years to prepare for certain specialties within the individual 
field, in being allowed to choose those he prefers among the optional 
courses offered. University calendars outline in detail the courses 
and options which are available for each field of specialization. 


It is helpful for engineers in Canada to be bilingual. In French- 
language institutions, English-language text books are used for 
most of the courses in applied engineering and even several of the 
theoretical courses, along with texts printed in France, though all 
lectures are given in French. This is done to acquaint students with 
North American engineering methods which they will be in the 
main expected to practise (rather than French or European) and 
prepare them to co-operate and work with English-speaking engi- 
neers. Engineers whose mother tongue is English find a knowledge 
of French useful since many of the people with whom they work, 
especially in Quebec, may be French-speaking. 


The trend in engineering education is toward broadening the 
courses by including more of the humanities and social sciences, 
even to the extent at some universities of arranging for the Bachelor 
of Arts degree to be earned in an additional year after the four 
years for the Bachelor of Engineering. Study of such subjects as 
language, economics, modern world history, political science, 
philosophy of science occupies approximately six per cent of the 
total time of the four undergraduate years at Canadian universities. 


First engineering degrees are called either Bachelor of Engineer- 
ing or Bachelor of Applied Science, depending on the university 
usage. A notation is made on the diploma as to the field and optional 
specialties taken. Undergraduate engineering courses taught at 
Canadian universities are listed on p. 50. 


Fees and Living Expenses 


The approximate range of fees, per year, for tuition is $300 to 
$700, depending on the educational institution. Living expenses 
must also be considered, especially if the student lives away from 
home. Living accommodation, including room, board, and laundry, 
may cost from $350 to $850 per annual session, and does not include 
such items as transportation, text-books and supplies, clothes, enter- 
tainment, and other personal expenditures. University calendars 
usually give information on fees, type of accommodation available 
and approximate cost. 
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Part of the expense of taking a university course can be met by 
earnings during summer vacations. There is also a steady increase 
in financial assistance for deserving students. Assistance is in the 
form of scholarships, bursaries, loan funds, etc., details of which 
may be obtained from your school principal, vocational guidance 
counsellor, or from university calendars. 


Post-Graduate Study 


Surveys made by the Economics and Research Branch of the 
Department of Labour indicate that while over 85 per cent of 
engineers surveyed have a bachelor degree in engineering less than 
ten per cent hold a master’s degree, and not more than one per 
cent, doctorates. A master’s degree may be earned in one year 
after a bachelor degree; a doctorate in two years after a master’s. 
Approximately four per cent of the engineers are not university 
graduates, but entries into the profession in the past ten years or 
more have nearly all been by university degree. The tendency is 
more and more not only to formal training in a higher educational 
institution as an absolute requirement, but there is also increasing 
demand for engineers with master’s degrees or doctorates. Surveys 
by the National Research Council reveal that students enrolled in 
graduate engineering studies at Canadian universities have risen 
to 1,098 for 1962-63 from 225 for 1953-54—an increase of nearly 
five times in the last nine years! 


Vacation and Part-time Employment 


It is a generally accepted practice that, before the engineering 
degree is granted, a candidate is required to satisfy the college or 
faculty of engineering that he has completed a suitable amount 
of practical work related to engineering. Requirements range from 
laboratory or field work at the university to summer vacation 
employment. 


Training in Industry 


Nearly all employers give newly graduated engineers a variety 
of assignments to help them get acquainted with the firm’s opera- 
tions. Most of the larger employers have long-term plans for future 
growth and encourage men with ambition by sponsoring company 
training courses, on salary, either on their premises or at nearby 
educational institutions. Trips to technical meetings are sponsored 
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and committee and seminar activity is fostered, so that young 
engineers can learn by contact with experts in their field. Many 
firms have excellent libraries and laboratories and make time avail- 
able for research. 


Qualifying by Private Study 


It is possible for persons not holding an engineering degree to 
study privately, pass examinations set by the provincial associa- 
tions of professional engineers and in that way qualify as profes- 
sional engineers (P. Eng.). This takes many years to do by home 
study, with little recognition along the way, and only a small num- 
ber have been successful. For further information, prospective 
candidates should consult the Registrar of the association in their 
province (see below for list of associations and addresses). 


After graduation the young engineer still has a great deal to 
learn. Practical experience, often in conjunction with company 
training, adds to his competence as a professional engineer. 


Photo: NFB 


ENTRY INTO THE PROFESSION 


The prime requisite for entry into the engineering profession is 
technical competence gained through adequate training and practical 
experience. Those wishing to use the title “‘Professional Engineer”’ 
(P. Eng.), and legally practise the engineering profession must be 
registered with their provincial association of professional engineers. 


Registration as a professional engineer requires, as a minimum 
qualification, a bachelor degree in engineering or applied science 
from a recognized university or college and two years of practical 
engineering experience. The equivalent of a degree is the passing 
of examinations set or approved by the provincial associations. An 
engineering graduate who is in the process of attaining the required 
experience may use the title “‘Engineer-in-Training” or, in Quebec, 
“Junior Professional Engineer’. Undergraduates in university, or 
persons planning to write the examinations set by an association, 
may be registered with the association as students. Details of in- 
dividual requirements for each province may be obtained from the 
following: 


The Canadian Council of Professional Engineers, 
116 Albert Street, 
Ottawa, Ontario. 


Association of Professional Engineers of the Province 
of British Columbia, 

2210 West 12th Avenue, 

Vancouver 9, B.C. 


Association of Professional Engineers of Alberta, 
123 Commercial Building, 

10120 Jasper Avenue, 

Edmonton, Alberta. 


Association of Professional Engineers of Saskatchewan, 
404 MacCallum Hill Building, 
Regina, Sask. 


Association of Professional Engineers of the Province of Manitoba, 
Room 418, 265 Portage Ave., 
Winnipeg 2, Manitoba. 


Association of Professional Engineers of the Province of Ontario, 


236 Avenue Road, 
Toronto, Ontario. 
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Corporation of Professional Engineers of Quebec, 
1600 Pine Avenue West, 
Montreal 25, P.Q. 


Association of Professional Engineers of the Province of 
New Brunswick, 

Room 134, Union Station, 

Saint John, N.B. 


Association of Professional Engineers of the Province of 
Nova Scotia, 

P.O. Box 731, 

Halifax, N.S. 


Association of Professional Engineers of the Province of 
Prince Edward Island, 

242 North River Road, 

Charlottetown, P.E.I. 


Association of Professional Engineers of the Province of 
Newfoundland, 

PO; Bow st. 

St. John’s, Newfoundland. 


Association of Professional Engineers of the Yukon Territory, 
P.O. Box 812, 
Whitehorse, Y.T. 


Placement Assistance 


The great majority of engineers work as salaried employees, 
according to the 1961 Census of Canada. In order to become estab- 
lished in the profession, prospective engineers must therefore locate 
an employer and satisfy him as to their personal qualifications and 
technical competence. Several sources of assistance are available to 
engineers and engineering students seeking employment. 

Information about job opportunities can be secured from the 
Executive and Professional Division of the National Employment 
Service, which works in co-operation with placement officers in 
universities. 

Recruiting campaigns at the universities were started by private 
industry and business during the recent engineer shortage, graduates 
often having a choice of two or three different jobs. This was an 
unusual condition not likely to last after the engineering supply and 
demand had become stabilized, but it is quite possible that em- 
ployers will continue to seek out good engineering graduates at the 
universities. 


Professional and technical associations also provide services 
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designed to bring together prospective employers and engineers 
seeking employment. These include employment registers, published 
lists of vacancies, and employment desks at association meetings. 


Daily and weekly newspapers, technical journals, and company 
brochures often list engineering opportunities.! Many students make 
contacts through summer employment which provide them with 
permanent positions upon graduation. 


Governments at all levels—municipal, provincial and federal— 
are extensive employers of engineering services. Canada-wide com- 
petititions for engineering positions with the federal government are 
posted in public buildings such as post offices, local offices of the 
National Employment Service and the Civil Service Commission, 
and notices are carried in the daily newspapers. 


Engineers Trained Outside of Canada 


Engineers who have received their training in another country 
and wish to practise in Canada as professional engineers must 
meet the legal requirements of the province where they intend to 
practise. These requirements vary somewhat from province to 
province, and exact information may be obtained from the Canadian 
Council of Professional Engineers or the Registrar of the appro- 
priate provincial association. The provincial associations recognize 
a substantial number of engineering degrees from universities in 
all parts of the world. Individuals who do not hold such a degree 
are required to pass written examinations. 


It is pointed out that in Canada, qualification for the engineering 
profession is not at all the same as certification for marine and sta- 
tionary engineers. 


WORKING CONDITIONS 


Professional engineers work under widely varying conditions, 
depending on their function at a particular time and the field in 
which they specialize. They may be called from the relative quiet of 
the research laboratory and drafting room to the heat or noise of 
the factory shop; they may leave the comfort of the engineering 
office and travel perhaps hundreds of miles to take care of an 


1See also Engineering Careers in Canada, published annually by the Engineer- 
ing Institute of Canada. 
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emergency at a distant engineering project. Engineers are employed 
throughout Canada; the majority live and work in Ontario and 
Quebec, being concentrated in large urban centres. Many Canadian 
engineers are working on projects in foreign countries. 


As leader of the engineering team, the engineer must take the 
responsibility for decisions involving the expenditure of large sums 
of money and affecting the lives and safety of workmen. Failure of 
a project during construction, or after its completion, may have 
costly and disastrous results. 


Engineers’ working hours usually conform to plant or office 
hours where they are employed, but periods of emergency, difficult 
technical problems, or production deadlines to be met may involve 
long hours, sometimes under trying conditions. Engineers also have 
a professional responsibility to keep abreast of technical develop- 
ments in their field by reading, conferring with engineering colleagues, 
or attending seminars. 


EARNINGS AND ADVANCEMENT 


The salaries and promotions of professional engineers reflect the 
individual’s responsibilities, performance, and qualifications gener- 
ally. Some companies place as much importance on seniority as on 
merit, but high technical achievement is usually well rewarded. 


The most remunerative positions within engineering are in the 
consulting field, administration, and contracting. High salaries are 
paid for service in remote areas, probably a form of compensation 
for working and living conditions and travel away from home. 


The careers of professional engineers follow such a wide variety 
of patterns, depending on individual abilities and circumstances, 
that no single pattern could be considered representative. A solu- 
tion to the problem is found in the report of a survey! which relates 
level of responsibility with salary and in so doing, provides some 
indication of the possible progress of an engineer’s career. The 
following outline is abstracted from the report; a bachelor degree 
in engineering or applied science, or its equivalent, is prerequisite 
for each level. 


!Canadian Council of Professional Engineers, Report on Salaries of Professional 
Engineers by Levels of Responsibility as of July 1, 1963, available on request 
from the Council. (Salaries as reported for Ontario, Quebec, Alberta and British 
Columbia). 
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EARNINGS OF ENGINEERS IN 1962 
ACCORDING TO YEARS OF EXPERIENCE AFTER BACHELOR DEGREE 


Annual Earnings Annual Earnings 


$20,000 


$15,000 — + $15,000 


$10,000 oe oe, $10,000 


123 4.5 6-10 11-15 16-20 21-25 26 - 30 31-35 36-40 Over 40 


Years from Graduation 


Source: Economics and Research Branch, Department of Labour. 


Level A: The beginner, with little or no practical experience, is 
usually given duties of a routine nature in office, plant, field or 
laboratory, under close supervision. Median annual salary: $5,570. 


Level B: Receives assignments of limited scope and complexity; 
assists more senior engineers in carrying out technical tasks requir- 
ing accuracy in calculation, completeness of data, and adherence to 
prescribed testing, analysis, design or computation methods. May 
give technical guidance to one or two junior engineers or tech- 
nicians; must have at least two or three years engineering experience. 
Median annual salary: $6,720. 


Level C: Carries out responsible and varied engineering assignments, 
requiring general familiarity with a broad field of engineering. 
Problems usually solved by use of combinations or modifications 
of standard procedures, or methods developed in previous assign- 
ments. Participates in planning to achieve prescribed objectives. 
Work is not generally supervised in detail, but receives guidance on 
more difficult features of the assignment. A minimum of three to 


five years of related experience is required. Median annual salary: 
$8,180. 
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Level D: This is the first level of true professional supervision, or 
full specialization, and requires the application of mature engineer- 
ing knowledge in planning and conducting projects. Assignments 
are received in terms of objectives, relative priorities and critical 
areas. Work is carried out within broad guide lines, but informed 
guidance is available. The engineer assigns and outlines work, 
advises on technical problems, makes recommendations concerning 
selection, training, rating and discipline of staff. It usually takes 5 
to 8 years to be promoted to this level. Median annual salary: $9,600. 


Level E: Usually requires knowledge of more than one field of 
engineering, or performance by an engineering specialist in a par- 
ticular field. Participates in short and long-range planning and makes 
independent decisions on work methods and procedures. May 
Supervise large groups containing both professional and non- 
professional staff or may exercise authority over a small group of 
highly qualified professional personnel engaged in complex tech- 
nical applications. Outlines more difficult problems and methods of 
approach. Co-ordinates work programs and directs use of equip- 
ment and material, and makes recommendations regarding per- 
sonnel. It usually takes nine to twelve years of engineering and/or 
administrative experience to reach this level. Median annual salary: 
$11,280. 


Level F: Usually responsible for an engineering administrative 
function, directing several professional and other groups engaged 
in interrelated engineering responsibilities, or as an engineering 
consultant recognized as an authority in an engineering field of 
major importance to the organization. Independently conceives 
programs and problems to be investigated, and participates in 
discussions determining basic operating policies. Reviews and 
evaluates technical work; selects, schedules, and co-ordinates to 
attain objectives; as administrator, makes decisions concerning 
staff. Usually thirteen years or more of engineering experience, 
including responsible administrative duties, is required to reach this 
level. Median annual salary: $13,500. 


Having advanced beyond this level, the engineer operates with 
broad management authority, receiving virtually no technical guid- 
ance and control, limited only by general objectives and policies of 
the organization. He plans or approves projects requiring the ex- 
penditure of a considerable amount of money and man-power. He 
is responsible for long-range planning, co-ordination, and making 


44 


specific and far-reaching management decisions. He is expected to 
possess a high degree of originality, skill and proficiency in the 
various broad phases of engineering application. This level is 
reached only after many years of authoritative engineering and 
administrative experience. Remuneration is usually commensurate 
with level of responsibility, ranging far beyond the salary reported 
for the previous level. 


A word of caution is in order. An attractive salary is not the only 
consideration when seeking job satisfaction. The interest, challenge, 
or opportunities for professional development, offered by various types 
of employment, should be carefully investigated in terms of one’s own 
personal aspirations and set of values. 


OUTLOOK FOR ENGINEERS 


Engineering activity varies from year to year, depending on 
economic conditions, causing short-term fluctuations in the demand 
for engineers. Vocational guidance counsellors and high school 
students are cautioned against basing long-range career decisions 
on short-term and often transitory employment conditions. There 
is a notable coincidence, for example, in the slackening demand for 
engineers in 1958 and 1959 and a corresponding decrease in engineer- 
ing enrolments for these two years. The decision by a student in the 
final year of high school to become an engineer will not bear fruit 
for nearly five years, and this will mark but the beginning of a pro- 
ductive life that can be expected to last 40 to 50 years. To base 
such a decision on anything but a long-term outlook would hardly 
seem valid. There are serious limitations to our ability to predict 
the distant future with accuracy, but broad generalizations can be 
made. 


Basically, the engineering employment outlook depends 
on the growth potentiality of those industries which employ 
engineers in the largest numbers, and upon any trends in 
these industries which would make the functions performed 
by engineers more or less important. 


It is very significant that the recent and most exhaustive survey 
of Canada’s economic future, carried out by the Royal Commission 
on Canada’s Economic Prospects, found that most of the major 
employers of engineers (mining companies, manufacturing firms, 
construction contractors, and public utilities, including transporta- 
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tion and communication companies) are among those expected to 
be the fastest growing ones over the next two decades. In no case 
is their growth expected to be less than average. It can be concluded, 
therefore, that the industries which employ engineers in greatest 
numbers are also, by and large, those with the best future growth 
possibilities. 

Apart from the growth of industries mentioned above, there is 
reason to believe that the demand for the services which engineers 
perform will increase even more rapidly. In today’s world, economic 
growth is becoming more and more dependent on the practical use 
in the factory and in business, of as many as possible of the latest 
scientific discoveries. This is exactly the task of the engineer and the 
technician. 

The wide range of functions performed by engineers has already 
been outlined, and it should be re-emphasized that employers do 
not hire engineers only for complex technical jobs. Many people 
with an engineering education find their way very quickly into jobs 
which, at least on the surface, do not seem to require much tech- 
nical knowledge. Thus engineers are found in sales jobs, in market 
analysis work, and in a great variety of administrative and executive 
positions. What is known about the kinds of careers followed by 
engineers makes it very clear that management has found it can 
utilize them efficiently in a wide range of jobs, many of which have 
little technical content. 

It is because of this that many firms hire engineers, usually new 
graduates, not primarily because of their suitability for a specific 
technical job, but rather because of their potential qualities which, 
through training and experience with the firm, will enable them to 
make an important contribution in a variety of positions, including, 
in due course, management itself. 

To summarize, future employment prospects for engineers in 
Canada are very good. Not only are the industries which employ 
most of them expected to be, by and large, fast-growing ones in 
the future, but also the needs of these industries for people with 
engineering education will increase more rapidly. 


SOURCES OF ADDITIONAL INFORMATION 
AND GUIDANCE 


The organizations of professional engineers welcome inquiries 
from students and persons with questions regarding the engineering 
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profession. The office of the National Employment Service in your 
area can provide local information. University calendars, which 
may be obtained on request, outline academic requirements, detailed 
course content, financial aid, and tuition and living costs. Specific 
questions may be directed to the appropriate staff members. 

Practising engineers possess a wealth of first-hand experience 
which they are usually willing to share with the interested student. 
Since this source provides a very individual point of view the student 
should, if at all possible, interview several engineers. 

Almost any issue of the daily newspapers and financial publica- 
tions contain some reference to engineering. Technical journals and 
books on engineering are available in public libraries. The student 
who is alert to information regarding engineering will notice the 
abundance of such items. In this way may be accumulated a knowl- 
edge of engineering in Canada and the world, which is available 
from no other source. Biographies of successful professional engi- 
neers often yield a personal insight of qualities that make a good 
engineer and the challenges and rewards that engineering has to 
offer. 


Professional engineering associations help career-conscious students to 
get a glimpse of what engineering is like. Photo: Victor Aziz—London 
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Further Reading 


Books 

Beckhard, Arthur J. Electrical Genius, Nikola Tesla. New York; Messner, 1959. 
Beatty, Charles. Ferdinand de Lesseps. London; Eyre and Spottiswood, 1956. 
Forbes, R. J. Man the Maker. London and New York; Abelard-Schuman, 1958. 
Hill, T. L. The St. Lawrence Seaway. London; Methuen & Co., 1959. 

Norway, Neville Shute. Slide Rule. New York; Morrow, 1954. 


Parr, J. G. Man, Metals and Modern Magic. Cleveland; American Society for 
Metals, 1958. 


Rowland, John, Epics of Invention. London; Werner Lurie, 1957. 


Bulletins and Pamphlets: 
The Canadian Forester in His Job. Canadian Institute of Forestry, 1958. 


The Profession of Chemical Engineering in Canada. A Vocational Guidance 
Booklet for High School Students, The Chemical Institute of Canada, 
Ottawa: 1959. 


Engineering—A_ Creative Profession. Engineer’s Council for Professional De- 
velopment, New York; 1956. 


Opportunities for Graduates in Engineering and Physical Sciences. Civil Service 
Commission of Canada, Ottawa. 


Engineering Careers in Canada. The Engineering Institute of Canada, Montreal. 


A Professional Guide for Junior Engineers, 1949. The Engineering Institute of 
Canada, Montreal: 1949. 


The Guidance Centre, Ontario College of Education, University of Toronto. 
Monographs, Engineer—Professional, 1963, Chemical Engineer, 1963, 
Metallurgist— Metallurgical Engineer, 1963. 


The Engineering Profession, Association of Professional Engineers of the Province 
of Manitoba, Winnipeg, 1959. 
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APPENDIX 


Other organizations with engineering membership: 


The Engineering Institute of Canada, 
2050 Mansfield Street, 
Montreal, P.Q. 


The Chemical Institute of Canada, 
48 Rideau Street, 
Ottawa, Ontario. 


The Canadian Institute of Mining and Metallurgy, 
906 Drummond Building, 
Montreal 2, P.Q. 


The Canadian Institute of Forestry, 
10 Manor Road West, 
Toronto 7, Ontario. 


The Canadian Forestry Association, 
4795 St. Catherine Street West, 
Montreal, P.Q. 


The Canadian Aeronautics and Space Institute, 
77 Metcalfe Street, 
Ottawa, Ontario. 


Association of Consulting Engineers of Canada, 
Room 604, 

620 Cathcart Street, 

Montreal, P.Q. 


Canadian Agricultural Engineering Society, 
c/o Ontario Agricultural College, 
Guelph, Ontario. 
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Cours de génie, premier grade, 1963-1964 
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Université de Colombie-Britannique, Vancouve....0.......00000ccccccccccececeeeceeeeeens x x x x x x x x x x 
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En plus des institutions ci-dessus qui accordent le premier grade dans les branches Université St-Joseph, (F, A), St-Joseph (N.-B.); Université St-Mary, Halifax; 
de génie indiquées, les institutions ci-aprés offrent les trois premiéres années du Université Sir George Williams, Montréal; Lakehead College of Arts, Science and 
cours de cing ans en génie: Université Acadia, Wolfville; Université Dalhousie, Technology, Port-Arthur (Ont.). Il faut ensuite terminer le cours par deux années 
Halifax; Université Memorial de Terre-Neuve, Saint-Jean; Collége Loyola, d’études dans une université qui décerne le grade. 

Montréal; Université Mount Allison, Sackville (N.-E.); Université St-Dunstan, 
Charlottetown (I. P.-E.); Université St-Francois-Xavier, Antigonish (N.-E.); Source: Fondation canadienne des universités. 


‘(7UO) YdjenyH 
‘ydjonyd op sinj[NLIse.p sda][OD s/v 
‘Q[OOLISe OIU9S NP SUUSIPPULS 9191D0G 


‘(Seqend) [eenu0W 

‘yreoyyeD ond ‘979 

‘09 291d 

‘epeuryr NP S[IOSUOd-SINSIUPSUI SOP UOTVeIOOSSY TJ 
(UO) BMENO 

‘ayfeoqoyy ond “77 

‘epeury np jeneds jo onbiyneuolpy ynINsUL.T 


‘(SaqenO) [eanUO| 
‘ysono SUIIOYIED-ojUIeS ont ‘C6/P 
‘epeueD Np o191}So10J UOTVIOOSSY TJ 


‘(JUO) L OJWOIOL 
‘ysono JOUR UTWOYD ‘OT 
“epeuey Np JolSolOj yNIWSUT TJ 


‘(cagenO) Z [esg1UOW| 

‘puowumniqg s[qnowlwy “906 

‘QIZIN[[VIOW Op 39 SIQIUIW UOT}e}IO[dx9,p UsIpeuKd ynINIsSUT,T 
‘CTUO) BMENO 

‘neopry oni “gp 

epeued Np sfwuIyD op IIqySUy’T 


‘(9eq9nO) Z TesnUO|W 
‘Pleysury] ant “QSOz 
‘epeursd np s[ouuolssojoid sIMomMUgsUI Sop 4N{I}SUT TJ 


SINSUPBUI,P SUOTEIOOSSe SoIINY 


JOIGNAddV 


8V 


“SP6T 
TegUOp] ‘saunaf sou ap sluaaD,] ANOg ‘99Q9N%) IP DOUIAOId LI] Op 1eIILI9INIS OT 


"6S6 “OUIOY k] op Inowlidwy | “eaeyO sanbiuysaj sadajay sap ja saul 
Sap AdQJSIUNU ND AsQIAADI AdJOA ‘SONDIUYD} S9AITIY SOP 19 SOUT, SOP 919}STUTPAY 


"8S6I “EMENIO ‘assIWYD ANaIUasUL p asaldIDI DT “epeued np siwIYyds op ynyNsuy,T 


(‘o9uue onbeyd selfqnd sinyoo1g) [eo1UuOP] 
‘ppouvy nv Anaiuasul p uolssafoid DT “epeueyd Jo 93NjNsSuUy SuLloouIsUy oy LL 


"Spo ‘OAGENDH ‘sIDIUDAL DpoUDD ND saquaIIs 
Sap Juawuausiasua,T “RAeT JUSIOAIU(] | SP UOI}EJUSIIO.p jo oIsOseped ap 9[00F,T 


"6S6[ ‘OUIDY eI op INoWIIdWY],T “eMenO ‘asuafap vb] Anod sayrsayIad 
ap jlasuoD nv 1ojdiwua.p sajyigissog “oSu2}9p ek] INod soydisyoe1 op [IesuOD 


‘anbisdyd ua ja aluas ua sawojdip saj 4nod sajqiuodsip siojduq 
(€S61) SadiDJISdaaquN Sawuojdip Sa] Anod joj] ap Sa4gi4sDD 
[PMEVIO “EPeURD NP [IAIO SOIAIOS NP UOISSILUWOD eT 


"EMENO ‘31UAD ‘AIUAIIS “S9NUDIOS UD 19 SIUIS UD UOIJLUDIIO,P USIPBURD 9}HIWIOD IT 


JajjNSUO. BW SaBDIANO saliny 


LV 


‘g1Ug3 Np sUIeWIOp do] so Nb sasuddulo0dgI 49 SYP So] 
ja ‘InotugsUI UOG UN UOJ INb sayjouUOsied soyyenb soy juRIpNig] e 
qusAnos evionbipul uolssajoid ev] suep Issngi yuo nb simorugsur.p 
aydeizo0iqg ey] ‘Sinope JOANOI] yWemes ou UONb saouessIeUUOd 
Sop ‘opuoul oJ SsUBpP jo eEpeURD Ne JOUUOTsSsojoid o1U9gS 9] Ins “Io;NWI 
-nooe 9110S BI ap ynod uKE ‘suONeol[qnd sao ap souepuoge v A [Inb 
B1IDICISUOD SIUDS I] INS s}UNWOIUSIOSUdI Sop sYyoIaYyO Inb jURIpNid,T 
‘tugs Np judyel] Inb soJAl] op Jo Sana op sfnoJ oun sonbiyqnd 
sonbayiolqig soy SUBP 9ANOJ} UG ‘sTUNS Np UOTIsonb jsa [I sorgIOUeUY 
suoleorgnd sap jo susipronb sop sojguinu say sno} onbsoid sueq 
“SINSTUDSUI SdIjNe.p soidne IoUSIOSUdI OS ‘aTqISSOd Is “jIeIAOP 
juvipn}d | ‘jouuosiod yey B 3NO} ONA Op juIOd UN,p 1Se,S [I BWIWIOD 
‘9SSI9]UI JURIPNIO | B Jed OIIeJ B DITVUIPIO.p JUD}UDSUOD s]I JUOp 
UIeW dIZIWIDId ap BOUdIIOdKS OUN JUO JOIOW Op SIMIIUgSUI say 
‘osned ud JoUUOSIEd Np soiquiow xne 
soloynotjsed suonsonb soy Jassoipe jned u~ ‘d0UR}SISqnS Op SIeIJ Soy 
Ins ja UONdIUOSUI,p S}HOIP Soy Ins ‘oIgzOUvUY OpIey Ins ‘sino. np 
SOIOIJBUL SIT INS “SOITEJISIOATUN SIOUDSIXD SOT Ins dUSIOSUOI ‘opuPeUT 
-ap Ins iuajqo jnod uo aonb ‘soysioAIUN sop oilenuUe,T ‘[ed0] 
JQINIUL,P SJUDWIOUSIOSUdI Sap JUdSSTUINOJ JUOWIORId Op JeUOT}eU 
SIAIIG Np XNeUOISII xneoing So] “INdIUISUI,pP UOISsojoid ev] ap 
jafns ne souuosiad soijne no sjuvIpNy9 soy juosod onb suonsonb say 
SIOTJUOJOA JUDT[IONIOV S[OUUOISSAJOId SINDIUISUI,P SOLUSTUBIO Sa] 


NOILVINIIYO.d 13 
SLNIWANSIASNSY 3G SADAYNOS SAYLNV 


‘onbruyso} 
uolnewWsoy oun jyueke sghoj]dwa.p uloseq Juowapidels snjd ua snjd op 
JUOING Sdlijsnpul sod onb Issne stew ‘opides Jossa un ‘ayquuasua,] 
suep ‘juoIpuaid xno o1]U9,p aIquUIOU pUvIs snjd 9s] JUaTO;dUWIa nb 
SOLIJSNPUL Soy onb jUdWI]NIs UOU puUd}j}e.S UM “epeUeD Ne souUo0g 
Soi} JUOS SInoTUgsUI soy Inod tojdwa,p saanosadsiod soy ‘Jorg 

UOTIDOIIP P| ‘ayn 
sdwi9} ua ‘stidwos A ‘sojsod SIdAIP SUBP SODIAIOS: SpUBIS Op sIPUdI 
ap sounaf sao Be yuoIMeUed ‘9191008 RB] suep sondo1 soUdTIOdxO | 
B Jo UOT]VUIOJ BP] B soRIs ‘IND sajuajyy sajyjonb ap asneo ke j4oOynId 
sew “sJornonsed onbruyos} jreaes} un sdwosooe inod aouaj9dui09 
ing] ap asneos eB jueI sed uou ‘sowodip xneoanou op osreuIpso,p 
‘SINSIUQSUI Sop JusTO;dwa sastidosjusa,p dnoonesaq tonbinod RIO, 
‘ONbIUYII}] SUIVULOP NB SIOSULIIO JUOS ‘Svd Sop UdIG SUep “Mb srojdwa 


9P 


xnoIquiou op JayUuod INa{ JouwssnosejUvAe ynod aTjanb sdwoo 
Npusl 4so,s sosiideiua sap uorooip ey onb yuourajyjeu yUonbrpur 
SInstUgsUT Soy Jed soljdwiol solgiIIvo SOSIOAIP soy] IMs suoAR snoU 
enb saguuop sa] ‘sInajOoIIP ap jo siIno,esIUTWUpe.p sajsod sIdAIp 
B 39 SPYOIVU Sap aSATBUL.P XNVARI] So] SUP ‘SoJUDA Sop SIdIAIOS 
So] suep SInaUgsUI sap 9AN0I] UO IOnbinod FIIOA ‘sonbruyos) 
SQOURSSIBUUOD ap aligns JopuvWOp JUS[QUIOS ou ‘sUIOW Np JUSWIUWIAI 
-edde ‘mb siojduia sap Jadnooo e yuowopidel yUoUUaIA Ua sinoTU 
-93UL.p UOTJeWIOJ oun yueXke souUOsIod op dnoonvag ‘saxajduroo 
sonbiuyss} xneaei] sop inod yuswoenbiun sinotussul sap sed jusses 
-ua,u sinafojduia say aonb alipor ynvy [I 39 simarugsur say yuassid 
-Wol snb suOol}OUOJ Sop 9UISIOAIP opuRIs eI op gfied velop ve uC 
“UA1DIUYIA] Np Ja ANAIUABUL | ap aYIV] VD] JuUaulajavxa 
DJIOA “SOMHYNUSIOS SdJIZANODZP SOIQIUIOP SoT ‘9OIOWIUIOD 2] sURP jd 
onbriqey ve] & ‘ajqissod snjd 9] ost[4n uo.nb 29 op snd ua snjd ap 
pusdgp onbrurouos9 Josso,J ‘fenjoe spuow a sueq ‘juowopides snjd 
IOUS VIYOINIY,S SINSIUISUI.p 9puewWop eI onb o11010 ap uosIeI v A 
JI ‘sogQUUOT]UDU sNssop-Id SolIjsnpul sop uorlsuedxa] op snjd uq 
‘gjqeqoid snjd 9] 3s9 INJNJ JUDUWOSSTOIDNB | JUOP Sa]]90 
‘g[quiasud | SUBP ‘ISsNne JUOS sInoIUgsUI.p snd of yUaTO;dw9 Mb sary 
-SnpUI soy onb ouUOp jINsUd,s [J ‘OUUDAOW eV] B IMDIIDJUI JOS JOURS 
-SIOID IndJ onb pus}ye,s ou UO svd UNONe suRq ‘soTUUDD9p souUTeYyo 
-old xnop soy jueInp jUuoWOpIdel snjd 9] JUOIIpURIS ‘UO-pud}}e,s 
‘mb sajjoo tured yUOS (SUOT}eOIUNWIUIOD op 39 JJOdsUvI] Op $9}9190S 
Sg] Jolnonsed ua ‘sorqnd saolAias “UOTJONIJsUOD Op NO UOT}OTIQes 
op sastidemus ‘soigruTu $9}9I90S) simortugsUuI sop jusrojdula mb 
sostideijua sopuvizs sop yednyd ey] onb 9[9A91 “epeueDd np sonbrw 
-OU0d9 saATjOodsiod soy Ins oJgnbua.p s[eAOI UOISSIUIWIOD PI IRF 
enb opnjgy ‘epeued np onbrurouo0s9 susAv] op jofns ne s9gnjoayo 
aja[duroo snjd ey 39 a}Ud091 snid eI opni9,] ‘FNeVoytusis soi yey 
“sanaluasul 
sap suoyouof xnv aoupjaoduil apupis suloul no snjd aun sauuop v 
pApua] uo ‘saldjsnpul Sad supp ‘anb a2 ap ja Sanajugsul.p dnoonvaq 
quaiojdwa inb salajsnpul Sa] JUOAIpUbAS NO aansaul VI ap Juapuadgp 
Sanaiuasul saj anod siojdwa.p saaijaadssad say ‘auuos uq 
‘Iastlje1guas yjnod uo 
SIBUI ‘ITUOAR,] BIOS oNb 9d JUSWIO}OVXS ITOAZIA ap a[IOWJIP $24} 489 I] 
‘QUIIO] SUOT B SUOISIAQId sap onb ssoyo s1IjNe INs UOISIOgp 9]]9} 9uN 
JOpuoJ op UOSTIeI dIONS WeINL.U UG ‘sue OS B Op OP JoInp jnod Inb 
sarjonpoid sIA oun eigousUIUOS onb sioye ‘sue bulo uodAUa.p ynoq 


SY 


nenb ymiy eiajtod ou a1ugs of nod 93do Inb olrepuodes 9]099.p 
juessIuy Np UOISINOp BT ‘BI-So9UUe xNop soo ‘oIUgs Op sInod xne 
UONAIIOSUI,| Op BJUBPUOdSdIIOD UOTINUIWIIP sUN 39 ‘GCI 19 BS6I US 
‘SINIIUISUI,P JIPUIOW BpULUAp VL] 91]UD 9[Qe}JOU JDUSpPIOUIOD ouN B A 
JE ‘Isury ‘soilojsues yUSANOS ‘99}10d dAQIQ 9UN,p Io[dW9,p suOT}IpP 
-U09 sap soide.p suIe}UIO] a9}1J0d B dI9TIIvD OUN.p JopIogp sed ou op 
SIIIVPUODIS Sa]OO9 Sap S}URIPNID Sdz 19 S]JOUUOISsajold UOT}eUIIIO.p 
SIO]JI9SUOD sSayT WOIAQId UG ‘SINDIUISUI,p spueUIOp ve] sUepP suo 
-enjony Saadodiq op & naly suUOp Inb 90 ‘aguUR Ud d9UUL.p O1IBA 1U93 
np ouIewop I sup 9}ATIOV | ‘sonbIwWOUOSS sUONIPUOD saz UOTIS 


SUNSINJONI S31 YNOd AINFAV.d SAAILIAdS add 


‘10jduia p sada] Saadip Juajuasasd 
anb sassaigodid ap SUuo1spdI0 Sa] NO UOolJDINWIIJS DI ‘Ja49JU1] ‘SANa]DA 
sap uoiljdaau0d vs ap ja Sajjauuossad suoijosidsp sas ap uoijouof 
ua ‘Juauasnausios daipnja jlop Anaiuasul J ‘a/qvas43D 1DADA] UN 
puad inb a2 Jno] spd jsau adlDjIDS aT ‘asodui.s Juawassijsaad uf 

"$]U9pP90 
-91d suojays9 xne sgUUOT}UDW soleyes say dnoonevaq op juessedep 
‘soyiqesuodsol sop gisop np uonsodoid uo olIeuIplo.,p jso uon 
-PIQUNUIDI BT “INDJCIISIUILUP IWIUIOD 39 JUD}9d UIOD INDTIUSSUI SUTWOD 
soualigdxa,p soguue sosnoiqwiou op soidenb julo}e 4s9,.uU uUOoTaYOO 
Ja ‘oss np uoreolddey op sojseaA jo xnoIquioU siNnajoas xne 
yioddes sed s0u9}9dUI09 Be] Op }9 JUITe} Np ‘UOTJUSAUTI,p yds] gIsap 
yney un & opessod [I.nb pus}ye,s UE “99}J0d spuRIS oUN,p 39 sasIo9gi1d 
SOATJLIISIUILPS SUOISIOOP Sop IIpUdid }9 IQUUOPIOOD op ‘dUII9} BUC] B 
SOUWIeISOId Sop II[GeI9,P OQWIOSUI IN] [[ ‘OJAND,p-UIVUI Op Jd JUDSIE._p 
dnoonvag juswepo9s Inb sjofoid sop sanoidde no osedg9id |] ‘ayreaesy 
IE Janbsy inod owstuesi0] op xnei9u9s sowureisoid ja syioelgo 
xne juowonbiun I1u9} Ud,s JUBADP SIeUL ‘anbIUYdd} DIPIO.P IOUPTTIOA 
-InS NO UOTe}UDIIO oUNONe & SIUINOS He} Op jUIO.U ‘OAT]BIISIUIWIpe 
9oqI] spuvis oUN sapossod INDIUDSUT,| ‘UOTIYD9 199 Op kRlOp-ny 
‘OOS‘ET$ Op ISO URIPoW JonUUe oITETeS AT “UOTOYDI 
399 dIpulo}}}e Inod sdURYUOD Op SAT] eIJSIUIWIPe SUOTOUOJ sop sid 
-woo A ‘artugs 3] suep soudtigdx9,p snjd no sue 92101} ynvj [J] ‘[ouUOS 
-1od a] JURYONO} SUOISIO9p sop pudid [I ‘Ino}eIWsTUIUIpe nb jUueR} US 
‘SQUBISOP SJIDO[GO Sa] dIPUTI}}e Inod UOTJVUIPIOOS NJ] B 19 SOWUILIS 
-o1d sap JUOUASSI[Ge19,[ B “xIOYD Sop B apoodold [I ‘onbruysa} s1p10.p 
[VARI] O] ONILAD Jd OSIAOI [[ “OIAINS B B[VJUSWIBPUOJ 9}INPUOD op suUsT] 
eT WIqQei9,s NO suOIssnosIp xne odionsed [I 39 JoIpnja B suoTjsonb ja 


vv 


souUUvIdOId Say [NS }IOSUOD |] ‘osned Ud ostIdamUa] Inod yuRiI0duIT 
soi} onbruyos} surewiop un sup 9qsI[eID9ds sUIWIOD NUUODAI [IasUOD 
InsUgsULp 913 e gAo[dwW jso [I MO ‘xna oIUA sol] JUOUID}IONS 
sonbiuyoe} xnevavl} sop eB sagooye soijne.p no uorssajoid ey ap 
souuosiod simoisn{d juvostiiip ‘onbruyse) oinjzeu op soanesisIurUIpe 
SUOTIOUOJ Sop JUSWI[BIPUYS ddJOXO INoTUgsUT “JoI[ed 90 YW “7 UojayrT 


‘O87 TI$ 9p 1S9 URIPoW januUe sIIe[eS JT 
WOTIYD9 199 dIPUIN}}e Inod UOT}VI]sSTUIWIpL | SUBP NO dIU93 9] SULP sue 
oZNop B Jnou op soualI9dxe 9UN JUSWIAITBUIPIO ynvJ [] ‘[ouUOsiod np 
yons ne sUOTJepURLITIODII Sop HRI JO [OLIQ}RU Np jo O8eI[TNO| op 
1o[dula,| sip “[reavs op somwviso1d so] DUUOPIOOD |] “19]391 say ap 
UOSeJ L] 19 SOTIOMJIp sowig{qoid soy sousl] sopuvid soy suep onbrpur [] 
‘soxo[dwios sonbruyse} suoneordde sop e yuouuope,s mb sasiye1oeds 
juowajneYy sfouuorssojoid op odnojs yyod un Josip no ‘sarne.p 39 
UOISSoJOId VI Ip SOIQUIO OP SOWIIOJ So[QvIOpIsuUOd sadnois sop IaTIIOA 
-Ins jnod |] ‘[leavl] op sopgo0id xne jo sopoyjour xne juenb swe 
-In] Jed oplogp 190 sjofoid sop ourejuIoy, jo oUTeYyooid uoNPiedsid 
eB] & odionied Inomo9sul,7 ‘slues np Joynonsed surewop un suep 
oystfeiogds op jleavly un Iydwoooe OAnod no s1u98s np sureWop 
un.p snyjd oijfeuUO0S yNeF [I “UOTEYD9 199 oIpUla}}e INog “y uojayaq 


‘009°6$ 9P 3S9 

UPIPOU [ONUUL dITeTeS VT “UOTIYD9 199 dIpUIO}e Inod suv jmy ve burs 
Op JUSWIIIVUIPIO jnvj [[ ‘[oUUOsIod np sUTTdIOsIp LT B 39 JUOUTASSPIO 
ne ‘UONCULIOS BT B ‘XIOYO Nev JUSWOANLIOI SUOT}VPURUIULODII sap 
jIvey 19 sonbruyss} soynoyjip sop jofns ne oJIesuoo ‘sousI[ sopuvis 
So] 9OVI} [I JUOP SoyoR} Soy oNqII}e MIIUVSUI,T “o9ITe[O9 UOT}e}UDTIO 
aun iuajqo ynod jue Nd9xd,| sIeU ‘sa[vVI9UIS sogUUOP sop soide.p 
9]ND9X9 4S9 [IVALI] IT ‘SI[QvIQU[NA SINd}oes 9p 19 OANIOI 93L10LId 
op ‘soUTULIa}Op sJOd[qo,p UWONDUOJ US sagUSISse JUOS Soyo") So] 
‘WOIJND9X9,| JoIsse ud jd sjofoid say Iqei9 Inod stugs np spuojoid 
JOURSSIBUUOD oUN dSIXO [I SUOTesTTeIOgds 9}9[dWI0D 9p NO sI[OUUOISSIJ 
-Old JUSUZTQRILIQA UONIOIIP 9p WOTEY9 Jomuaid 9] 4sa,.D -q Uojayaz 
‘OS1'8$ 9p 

So ULIP9UT JoNUUe oIIeTeS oT ‘onso[euR soUsLI9dxo,p soguue bulo ve 
SION] Op UMNUTUIU UN d3IXd UGC ‘S9I[NOLJIpP sourejis0 oJUesgid 9Yyo"} 
BS INDSIO] SOITVSSID9U S]IOSUOD So] JIOSOI INSTUQSUT,] STRUT SosnoTjNUrTU 
souRTTIOAINS oUN.p jogo] sed JUOWI[RIQUIS JIVJ OU [IVARI] UOG “soxY 
sJoof[qo say aipuleyje,p ona usa uonviedgid op [rear ne odionied 
II ‘Sino1i9}ue xneAPi} 9p sInod nv jyuIod nv sasIw sapoy}9W sp No 


ev 


SOIIBVUIPIO sopgo01d sop uoreoyIpow ev] no s}uUIOfuos uoNPRsTNN] 
red sIpnossi B SoUaTqoId op sITeUIPIO.P WSe,s [][ ‘UIs Np oureuOp 
9}SPA UN.p s[eI9UaS dOURSSIeUUOD UN jUdsIxd INb ‘soURyUOD op ja 
SOSIDAIP SOY") Op UONN9Xa,| SYUOO UO “INaTUgsUI 390 YW 7D Uojayaq 


‘OZL‘9$ Op 1S9 URIPSW JonUUY dIIe[eS OT ‘OIUNS Np sUIeWIOp oI sup 
g0uatIodxo,p seguue sIol] NO xnop SUIOW Ne ITOAe Wop [I ‘in, onb 
SUDIOUR SUIOU SUDIDIUYSN} NO SInolUgsUI xnop no UN & sonbruydse} 
SOAIDOIIP So] JoUUOP jnod I] ‘[no[eo op no uoNdaou09 op ‘ascyeue.p 
UOTeUIUILIIdKXd,p sajosoid sopoyjoWU sop D9dUPAIOSqO.] 19 sooU 
-UOp sop opnjyoexa.1 ‘siogid spnoyeo sap jusj1oduros inb sonbruyoey 
XNVABRI] SOP 19]Nd9xd B SInatIodns sas opie [I f9ytxoTdu09 39 9oue}IOd 
“UWI SUTEII9O DUN,P SOYO"} Sop INSIUgSUI 190 B BYUOS UC :q Uojayaq 


‘OLS ‘S$ Op ISO URIP9W JonUUe sIIETLS 
YJ ‘o0JVIOGRT NY NO UIeI1I9} of Ins ‘oUISN] eB “NBoINq Ne [FeARI} 
np ‘d}101}9 DOURT[IOAINS snos ‘alIeUIPIO.p y][dwoooe 4n0} np sed 
B uau no onbijeid souatigdxo,p nod ev nb “juejngep oq “Pp uojayoq 


‘UOTaYyo9 onbeyo ev s[qeyeoid UOTIIpUOd oUN 4sd ‘JUdTVA 
-Inb9,J no ‘ssonbiydde saouaios sa no o1uas ud yeoINeeooRq J ‘y10d 
-del np 911 939 8 1Ins Nb gsodxo,TJ ‘NsIUISUI,p sIgTIIeO ev] oO Nb 
JUSUOOURAL_P SOUTIGISsod Soy DINSOU SUTe}IIN oUN SUep onbIpuUI “juRSTILy 
99 ‘Jo OIIRTVS 9] 19 SoW][Iqesuodsal op 913ap a] asjUS JIodde1 9] H[qQeI9 


*[!PADI] Ap aiaysiuIW ‘seydieyre1 sep ya eNbiwoUod9,| ep UO!{De4Iq :82d1NEg 
awojdip np uoljuayqo,| sindap segjnoda sasuuy 


Ov °P Sid OF -9E Se-Le 0 - 97 STALE 07-91 Stal oOL-9 VY Cece 


000’S $ 


o000ls$ — : “ ——- 000’01$ 


oo0’si$ —— ae : : —— 000°si$ 
i -unaiaadns Laynd |. _ : 


000’0z$ 000’0z$ 


sjenuup sulDs sjenuup suIDs 


LV3aNVTYDOVE Nd NOILNALEO.1 SAddV JONIAW3dX3.0 SAANNV S37 LNVAINS 
C96L NA SANAINZIINI SAG SNEVS 


(44 


(‘e110QTY.[ ap 19 onbruurzig-s1quiojog Pe] 
op “oegend np ‘o1ejUO,] 9p xneo yWOS solle[es say) “[losuoD ne spuewoep Ins 
g[qiuodsip “(jenuue) 9z1[Iqesuodsar ap suojeyog ed sfouuorssejoid sinorugsur sop 
solleyes sof ins yioddey ‘sfauuorssajorg sinowugsul sop usIpeuesD jIesuoD, 


mb ojgnbuse oun.p npuar os}du09 9] suep oweqoid ne uonnyos sun 
BIDANOI] UC ‘Je WUsgIda1 IWIUIOD JI9PISUOD 139 Jnod OU oxy oIpRO 
unone nb ‘ssouejsuoosto soy Jo UNDYO op SjUI[v} So] WOTES ‘sasIOAIp 
JUSWII][9} JUOS UOTSseyoid op SIMSIUISUT XNv SodzIOJJO SOIOTIIVS so] 
“IOAOJ NP JUSWOUSIO[I,] 19 SIA Op jo [IeAey 
OP SUOT}IPpUOD So] SINSSU 9UTe}ION 9UN sUBp JosUdduIOD Inod jUSUIITq 
-eqold ‘sogusIO[9 SUOIS9I So] SULP SINOIUDZUT xNv S9AdT9 SolIeTeS sop 
QSIIA UC ‘SINoUsId91]U9,p 19 SIND}eI}SIUTUPe.p ‘STIOSUOD SINSTUgSUI,p 
xnoo wos ‘slugs 3] sUep ‘sINo}JVI9UNWIOI sn{d soz stojduia say] 
‘gsuodu0d91 UsIq [eI9U9S Ud jSso oONbIUYd9} SUTeWIOp 9] 
suUepP SQddNS J] STeU ‘s0Ud}9dWIOD BT B.nb 9}0UNUDIOUR J B soURIOdUII.p 
juRINe JUIpPIOSNR s919ID0S sonbjangd ‘soei9gues suorjeoyiyenb say 39 
qUsUIOpUdI os] ‘OI]TIqesuodsol op 9ISOp 9] SOAR IIed Op JUSUTATeIQUNS 
JUOA SUOTJOWOI Soy 39 OITeTeS d] “WOIssajoid op sIMdTUgsUI Soy ZOYD 


INIWAONVAV La FuIVIVS 


‘QUIPUIOp UOS SUPP SoI]SsIsoIUS sonbruyos} 
soisoid sop yueInod ne IUD} as ‘sonboT[oo sop ve jURISISSe Ud NO 
Sonsa]JOO sos JURI[NSUOD Ud ‘oIN}OI] VT Ied ‘Issne op INsIUgSUT,T 
“SOTIOUJIP $91} Slojied SUOT]IPUOD sop SULP [IVALI] Op SoINdY SonsUOT op 
JaSIxo JUDANEd UoTONpold ve op oTWIT ep eT No sonbruyse} s9y[n9 
-IJIp soy ‘souasin.p seo soy stew foroydwoy mnb nvoinqg np no suisn J 
OP SoJ90 SIIVUIPIO.p JUOS INSIUISUL] Op [IVAvI] Op SoInsy so] 

*xnod} 
-SeSOp 19 XNd}NOd s}eI[NSoI sop JTOAe Jnod ‘sgide NO UOTJONISUOD PT 
juepuad ‘astidosjus oun p 99Y99,'T “SINIT[ICALI] SOP JILINDYS VI 19 SIA PT 
JULSSIIOIUT 9 SOUIWIOS Sd}IOJ Op osusdep VI JULIIOdUIOD SUOTSIOgp sop 
sipusid lop morugsur,| ‘onbruyss} odinbg sun,p Joys onb jue} ug 
"IasUvI}9 | & WUDT[IeAel] susIpeuPO 
SINsUgsUT XNeIQUIOU oq] ‘sUTeqIN S9I}U99 SpuviIs so] suep jno}INS 
‘Saqangd x] SUBP 19 OLILIUD Ud JUOT[IeAvI] Jo JUSINOWEp xno 911U9,p 
anied omofeu ey ‘epeued x no} Jed sinorugsUI sop slo;dui9 uO 
‘agUBIO]9 ostIdosUS 9UN sUBpP 90UDSIN.p Seo UN & sIpUOdgl Inod amg 
-jnod sayjrur ap sourejuso sop ILIMooIed jo InsIUgsUI,pP NvsINg INI 
ap JOJUOD 9g] J0}}INb jUdAnod s]I fouIsn. |] sp sUIvORA NB NO IMe[eyo 
B] B UISSap op aes eI op No s110}yeIOQR] Np Jer sued np Jassed 


Iv 


‘ppouny) fo ajnjijsuy sulsaaulsuq | s9uue 
anbeyo aqnd aonb amysoiqg ‘vppuvD Ul SdaasDD Buldaaulsuq issne IIOAy 


jusanoad S|] ‘SOSIOAIP S91} SUOIIPUOD Sop sURp JUDIT[IeAvI} UOIssoyoid 
Op SINSIUgSUT soy ‘oUTTeIO9ds Ing] Jo JUOWIOW Np UONedNd90,] UOTE 


WVAVUL Id SNOILIGNOD 
‘saxlf SaulyIDU ap SualzIUuDIaU 
xXnD Ja SajDADU sUuolJINAJSUOD Sap SAnaiuasul xXnD gdAAljap 0I1f1J199 
np sv aj supp anb sawuaui Sa] jnoj np spd juos au Anaiuasul.p uolssaf 
-old BD] 4ad4aXa ANOd DpDUDD ND sasixa Sadjij Say anb ajpusis uC 
"S}1I99 SUDULXO Sop JIqns 
JUDAIOp dWIQ]dIp [93 un sed yuO.U Ib xnod ‘opuow np sornied soy 
SOINO} Sp SOUSIOAIUN So] SUBP SNUDd}QO sIUgs Ud soWO]dIp op siquiou 
puevis un yua}da00" So[eIOUIAOId SUOTIeIOOSSe SOT “ASN UD I[PIOUIA 
-old WOT}eIDOSSe | ap dIIejQINVS Ne NO s[sUUOIsSsojoid sinaluasUI sap 
UdIPeULD [IOSUOD Ne JURSSIIPL,S UD SIOQId SJUDWIOUSIOSUdI Sop ITU9}qGO 
jnod uo foijne oun & doUTAOId ouN.p nod onbyjonb juariea suoNIpUuod 
Sdg “IlPqei9,S JUITNIA s]I nO sdUTAOId e] op sonbiprinf suonpuos 
Xnv dIIejstjes JUSAIOP BpeUeD Ne UOISsajoId IMI] 1901Ox9 JUDIISOP 
Inb 39 Josuesj9. @ UOTeULIOJ Ino] nSoI UO Inb sinolUgsUI soT 


JaBupijs,| W Sauo0s SundsiuaBul soy 


‘suatpyonb xneusnof say suep 
Jo DpoUuDD np ajjazpyH eI SUep SIoI[NS9I soyTeArIoUI e soITqnd ‘dino 
Ud “JUOS SIAR SOC ‘[IAID SOIAIOS NP UOISSIWIWIOD PI 9p j9 JUOWIDORId 
op [VUONeU SdIAIOS Np xneUOIs9I xnvoiIng soy 39 9}Ssod op xnevoing saj 
‘gjduioxa ied ‘soyqnd saoyips soy suep sgououue jUOs nb sinarues 
-UI_.p sIojduio sop ‘epeueyd 9] 3n0} Jed sInooUOod ap usdKoul ne ‘ayo 
[el9pegjJ JUOWISUIOANOS OT ‘“SINSIUDSUI.p sIQqUIOU pUPIs UN sIO;dWIS 
(je19paj jo erourAoid ‘fedio1unw) yUoUIOUIIANOS op Jaljed onbeyD 
“OUIQ|dIp Ind] JUOIAIIII s]I no Inof a] nod ojusueWIEd UOTeNTS oUN 
Isule JUBINSSE.S ‘919 UD IO[dUIO INZ] B BDBIS S}JORJUOD sap jUdsSsITGe}9 
sjuvIpPN}9 Sop UdIg ,SINSIUISUI Say Inod I1o]dUId,p SUOISBDDO Sop JUDA 
-nNos JudDUOUUL sostideijUa souTe}100 yuoTTqnd onb soimyso1q sop 40 
sonbiuyse} SonaAdl sap ‘solrepeulopgoy jo suarprjonb xneuinol saq 
“stoydwio say Ins jUOW 
-JUSIOSUSI 9p XNvIING 9p JUSWIISSI[Qe}9,] ‘SUOT]BIOOSSe sop sUOTUNDI 
xne ‘ja sojqiuodsip stojdwia,p sojsl] op uorjeolgnd vy ‘stojdura sap 
d1}SISOI 9] PUSICUIOD RIAD “IO[dWI9 UN, p 9YoIOYOOI PI B SINDIUDZUI Sd] 39 
SJONJUDAD SINIAOTAUID Sd] 19I]UOOUSI 9S DIIVJ B SOUTSOP SddIAIOS sop 
ISSne JUISSIUINOJ SonbiuYydod} jo Say[OUUOISsoJoid suOT}eIOOSSe Sa] 


OV 


“SUISIOAIUN SaT SUBP SPUQTAIP sInoluUgsUT SUOG soy JOyoI1BY4o 
Joye & JUsWeTGQeqoid soi} JUOJONUNUOS sInoAo[dua say sreur ‘sinoTU 
-93UI,p 9pUBUAP LI 19 IYO] SOgsI[IQeys SIOJ oUN ‘[I-}-9;QuIAS ‘JoINp 
sed jIeIAop ou o[[ouUONdsox9 UoTeNIIS 91300 ‘sjUsIayIp stojdwia 
SOI] NO xnoep sIjUa xXIOYS 9s] JUSANOS jURAe sgWOTdIpP soy ‘sInoTU 
-93UI.p olinugd 9}U9091 ¥] OP SIO] SOJISIOATUN So] suep JUDU9jNIDI 
ap souseduies sap g0uv] UO sogarid sostidoijUd jo Solljsnpul so] 
"S9JISIOATUN So] SUBP JUOWSORTd ne sg9sodgid 
SI] 99AB OIOQEIIOD Inb “juouIs0RId ap [eUOTeU dOIAJOg Np sjouUOTS 
-Sojold j9 SJeIISIUIWUpe SIO[dUId sop UOISIAIG FP] & JURSSOIpe,s Ud 
IO[]dWI9,p SUOISVDDO So] INS sJUDWIDUSIOsSUdI Sop IIUd}qo yned UC 
‘S9OINOS Sop USIQ OP OpIe.] op I1u9}qo JUDdANod 
1o[dw9 | op yUsYoIBYO Inb o1u9gs Ud SJULIPN}d So] 39 SINDIUDSUI Sa’T ‘s|oU 
-uosiod So1}I} sas Jo onbruyso} s0u9}9dWI09 vs JoI]UOWINp Hop [I mb 
® InsAo]dwWIo WN IOANOI} 9S DUOP HOP IndIUgsUI INyNJ a] ‘UOTISsajoid 
e] suep IT[Qe19,S INOg ‘olle[Tes JURUUDAOU JUDT[IVABI} SINSIUDSUI Sop 
anied opuvis snid ey] ‘[96] Ud “epeueD Np JUoWasSUA_D_I 9] soIde.q 
juawaonid ap sadiaias 
CLA) esz0yarty 
‘718 XOd ‘O'd 
‘AIOPWIIOL UOYNA 9} JO SIgUISU [PUOISSBJOIg JO UOTJeIOOSSY 
‘(puv[puNOJMON) S,UYOL 1S 
‘TE XOG ‘O'd 
‘puv[punojJmMoNn, 
JO QOUIACIg 94} jo SIOOUIBUA [BUOISSojOIg JO UOT}eIDOSSY 
‘(La'd) uUmojzoy0[1eYD 
‘peod JOArY YON ‘pz 
‘pur|sy prempg 
sOUlIg JO 9OUIAOIg 94} Jo SIQOUISUA [PUOISSaJOIg JO UOT}EIDOSSY 
CSN) X8J@H 
‘TEL XOG “O'd 
‘BIJODG PAON JO DOUIAOIg 9Y} JO SIDOUISUT [BUOISSIJOIg JO UOT}VIDOSSY 
‘C€N) uyor-jureg 
‘uoneig UOIUs) “pet WOOY 
‘yoOIMsuNnIg MON 
JO DOUIAOIg 94} JO SIZOUIZU [PUOISSAJOIg JO UOT}VIDOSSY 
"(99qg9NO) SZ [e9UOW 
‘ysono SUIg SOP SNUDSAR ‘CO9T 
‘Saqgng Np sjouuorssajolg SiMmoiugsuy sep UOTeIOdIOD 
‘(OLIBJUQ) O}JUOIO L, 


‘peoy ONUusAY 9€Z 
‘OlLILJUO JO VOUIAOIg 9Y} JO SIg0UISUY [BUOISSIJOIg JO UOT}EIOOSSY 


6¢ 


‘(eqoyuR) 7 Sodruur A 
“SAY o8b110d $97 ‘8[p WIOOY 
‘eqO}ULIA, JO DOUIAOIg 9} JO SIDOUIZUY [CUOISSOJOIg JO UOT}eVIDOSSY 
"(UBMOYDIEYSCS) VUISOY 
“SUIPIING [TH wny[epoe| “Or 
‘UBMOYOIEYSes 
JO DOUIAOIg 9} JO SIDDUISUA [CUOISSOJOIg JO UOT}EINOSSY 
‘(eVIOQ Ty) ‘UoJUOWIpA 
‘onusay Jodser OZIOT 
“SUIPIING [BIOIOUIWIOD €Z] 
“eVIOg[Y JO SIs0UISUY [VUOISSoJOIg JO UOT}eIOOSSY 


‘(O'a) 6 JoANOSUR A 
‘ONUSAY UIZI “SAA OIZZ 
‘eIquinjod 
YSIIg JO SOUIAOIg 9} JO SISOUISU [VUOISSIJOIg JO UOT}VIDOSSY 
*(O1IeJUO) BPALIIO 


‘Waqiy ond “OTT 
‘sjauuOIssajoid SINoIUEBUI Sop UdIPeUd [IOSUOD 


:SOJUBAINS SassoIpe sop 
oUuN | B JURALION UD DOUIAOId onbeyo & SjIIe[OI S}UDWIOUSIOSUSI So] 
evIPUd}qoO UGC ‘s}UvIpNi9 Nb JUL} Ud UONIDOSSE | OP 9}ST] V] INS OITIOSUI 
o1IvJ OS JUdANOd ‘UOT}eIOOSse oUN Ied I[Qe}9 11ID9 UDWIRXa |] JIqns op 
uolUd}UL| jUO Inb souUOSIod say no ‘OUISIOATUN. | B ‘SIOI[NS9I sInod 
sop sjuevipn}s sayz “«iorunf youuorssajoid InstugsuIy .p ‘oaqond YI 
suep ‘NO ‘(dITeISe}S INDIUISUI) ,p 9191} dT oIpUsId ynod ‘ostnbo1 soUNTI 
-odxa] qaamboe nb ‘owojdip morussul uA ‘soyeIouTAOId suoryelo 
-OSSe So] Jed SNUUODSI NO SI[qe}9 SUDUTYXD S3T SIONS 99A¥ JUSSIQNS 
ud owoldip np jusfeAmnbs | jusNqQo UE ‘aIUgd Us onbiyjeid soudLIOd 
-XO,.p SUB XNOP IJTOAB 39 ‘SNUUODdI 989]TOO UN.p NO 9}ISIOAIUN 9UN.p 
soonbidde saouaios so no a1ugs Ud JegINej;eODeG J] SUIOW Ne nUd}qGO 
ie uonb yamboar jauUOIssajoid INdIUISUT.p 9111] B UOTALIOSUI,T 

“SJOUUOISSOJOId SINDIUISUI.p d[VIOUIAOId UOT}VIOOSse UOS Op 
OSI] Vl INS SITIOSUI SITeJ 9S jNeJ [I ‘UOISSoJOId VS I90I9X9,P WOIP J] 
yo ('d ‘Sul) JoUUOISsoJold IMOdIUDSUI.p 9171] BJ OAR INOg ‘soyURSYFNS 
onbyeid souori9dxo oun & 49 UOT}VUIOJ OUN B 90RId ONbIUYD9} 90Ud} 
-9dul0o ey sinboe ITOAe 3N0O} JURAR NV} [I ‘INdTUSUI ITUSADP IMOog 


NOISS3d0Ud V1 SNVG SLNGIG S31 


(‘suoljeloosse sap oyejsod assoipe ] 390 
9}SI] BP] SNOSSAP-1D MOA) ‘dOUIAOId INI] ap UOT}EIDOSSE] Op d1Ie}9IDOS 
ne Jossoipe,s op sgid jUOS sjanjUDAd sjURIpN}9 soy ‘syUOUIOUSIOS 


ANO :010Ud ‘jauuoissafoid snaiuasul.p a2ua} 
-a9duod vs v ajnofo ‘aiusvdiwuod aun.p ariddas nv uoloudsof v] 
D aayjD Juadnos ‘anbijosd aduatsadxa,J ‘adpuasddv b dnodnvaq 


x ae 


ad4oqua D ANaluasul aunal aj ‘awuojdip uos nuajgo s10AD saidp 


-udl sojdure snjd Inog ‘solssno1 jUO soy syURIpN}e,p siquiou ynoed 
UN JUIUIINIS JO SOQUIWIO} O119,p JURA OUIT}SO UD sonuUd} o19N3 jUOS 
OU SoT[o ‘soguue siInoIsnid yUoUUSId sayJouUOSsIod sapny9 sad *(‘d ‘Sur) 
IMIIUZSUI,p UOISsajoid vy 19019Kd Inod a1less909U dOUD}9d UI0D BI IsUIe 
Ignboe 19 SIoUIAOId SasIIAIp Sop spOUUOTISsajoid SINdIUgsUI,p SUOTIRIO 
-OSSB So] Jed sijqe}9 sUdUIeXd Soy JIqns ‘soyjouUOSsIod sapny9 sop dITeJ 
yusanod o1u93 ud soguoydIp sed juos ou Inb souuosied sourejiag 


sojjauuosiod sapnig 


‘QyoIaYyooI Op xnvAvl} xne oitessaogu sduisy 
QJ] JWOpIOONe sayja Jo SJUa][Ioxd soilOJeIOQgK] sop 19 sonbeyoNqIq 
sop juopassod sastideiua.p siquiOU UOg ‘oUTeWIOp INI] sup SojsST] 
-viogds sap jovj]UO0d ne sIINIQUI,s JUaSsInd sinoTugsUI souNof soy onb 
9110S ap sanbo]][oo 39 sazWI09 say] JUDSTIOARJ 19 SonbIuUYyse} suoTUNZI 
xne uonedionied vy yuostuoogid sayjq “WoIso1 vl] op jUOWOUSIIS 
-Ud,p SUOTININSUI saz suep NO ostidoIUd] Op Ules ne ‘owgUI puenb 
olleyes uOS JURYONO} 9AO;duId,| “JUSTO soyjonb uoneurioy sp sinoo 


it 


Sop dJAINS & UOTIIQUIe| ap JuO INb sgAojdwd sina] JUaseINODUS saq]o 
39 oInjnj UoTsuedxd Ing ve JUeNH dWIId} SUOT & SoWUIeISOId sap jUO 
S9}g1I00s sopuvis sap yiednyd eT ‘astidoiuay ap JUSWOUUOTOUOJ J] 
DdAB IASUIVTIWe} 9S ap aijJoWJod Ina ap uye ‘souoydip sinougsurI 
xne soyoe} sajudIayIp juoyuod simaXoydura say sno} onbsag 


a1WJSNPUl,| SUDP Udl|DUIOY 


"919,P SOOUBdBA 
Soy JueInp stojdwio xne .nbsnf ‘9}1s19ATuN, | & ‘adeTd Ins NO d1I0}eIOGR] 
Op XNVALI} ST SIndap JUSTIVA SddUdSIXO SoT ‘olUaS Nev JULYOe}ILI as 
sonbyeid xneael}] op ajuesyjns oyyuenb oun yduwosoe juO s{Inb 
g1u9s op gNovj PT B NO IBaJOO ne IaIJUOWNpP JUSAIOP sjURIpNie 
So] OWOTdIp Ing ITua}qO.p jUeAe.Nb swipe JUdWITeI9USS 4S2 I] 


jinpeas sduiay D siojdwid ya SODUDIDA 


‘sue Jnou stndop gjdnjuinb anbsaid & sIquiou 3] 
anb oJIp-8-3S9,9 “€961-7Z961 US “B6OI & “PSEI-ES6I UP “S77 ap essed 
JSO SOUUDIPLULD SOUISIOAIUN Sd] SUBP SINaTIOdNS sapeIS sad ITUI}qGO.p 
ona Ud jUdTpN}e Inb xnoeo ap siquiou a] anb juanbipul sayosayoos 
op [euoTjeU [IOSUOD NP SoAg[aI saq ‘}e1OJOOp UN NO dSLIjIeW oUN 
nud}qgo jJuare sjI.nb issne stew ‘Inoliodns JUSWIOUSIISUa.p UOI}N}I}sSUI 
oUN,P SINOD SII IAINS JUSWIOATIDAYS JUSIe sInauUgsUI soy onb jyuoW 
-9[N9Ss UOU JOSIxo B snjd Ud snjd ap pUd} UG ‘“dJTeyISIOAIUN opeIs uN 
g110du109 sinofno} onbsaid e uolssajoid ev] & UOISSIWIpe] ‘sue XIp 
sindop suIOW ne ‘sIeUl fsdJIe}yISIOAIUN Sapeis ap sed JUO.U sInoTuss 
-UI Sop QO] ‘d p UOIIAUA ‘astiyeu By solide sue xnap ‘je10}D0P I 49 
yeginelecoeg a] soide ue uN jUdIIgGO,S dIUas Ud ISIIJIEW BT “adUdIOS 
91399 suep }e10]00p UN UO Qo] ‘d [| op snyd sed ja ostyIew oun 
nud}qgoO JUO QO] ‘d QO] Op suIOoU ‘aTUas Ud SIdITaAYORQ jUOS sINdIUSSUI 
sop OOI “d ¢g op snjd Is oWoW ‘IePAPIL Np sIO}SIUIW NP soyoIIYyoel 
sop 39 onbruou0s9 | ap UOT}OAIIG, eT Jed sajyrey sapnie say soide.q 


saineiiedns sepnyy 


"SOPISIOA 
-lun sop sollenuue saz no ajauUOIssajoid UoNeWUALIO.p Ia]]Iasuoo 
J] ‘a]009, | Op Mo}OdIIP a] JULINsUOD Ud jJafns 20 B saT]Ielep s}UoUI 
-2USIOSUdI Sap I1U9}qo yned UG ‘9d}2 ‘s}gId ap sassIvo ap ‘sasinoq ap 
UsKOU Ne jUd}I9UI a] Mb sjuvIpNje soy JUsUIAIQIOUvUY Jopie e snjd 
ud snjd op pUd} UG ‘SoJIe}ISIOATUN Sopnj}9 sds ap ynod np ojied oun 
Jouses jnod juvIpnyd] ‘919,p saouvovA Say JUBpUdd jUPTIeAvI] UG 


9¢ 


‘syeurxoid 
-de sievij soy 19 s[qruodsip jusuIesO] 2] ‘UONdIOSUI,p s}IOIp sa] Ins 
SJUSWISUSIOSUSI Sd] SITVUIPIO P JUSSSIUINOJ SoJISIOATUN Sop SoiTenuUe 
So] ‘so[ouuosied sasusdgp soijne jo sjUdWIasnUIe say ‘]UdUIO}9A 
Q] “SoITe[OOS soInjItfinoj jo sjenuew sop ‘jJodsuel np inoo ay sed 
pusidwio0d 3U ¥I99 19 ‘sINOD op sguUB Ied QSRg B OSES OP IOLA JUDA 
-ned osesstyouryq 3 19 uoIsued vy ‘oIquIeYd ev] ‘a0UR\SISqns ap sIeIy 
So] ‘M] ZdYO 9p UIOT 9ANOI) os JULIPN}I,] IS NOJINS ‘aoURISISqns ap 
sIviJ Sop 93dUI09 IIU9} Issne INvJ [][ “JUOUIOUSIISUd,P SUOT]NINSUT so] 
uojes ‘oguue Ied QOS & ONES OP JOIeA UONdIIOsUI.p SsIIOIp say] 


SIUDISISGNS ap SIDjJ Jo UOIJdIIDSUI_p S}IOIg 


‘Q1U93 Ud JeQINLTRODeq UN,p ONA Ud soUUdIp 
-CULD SS}ISIOAIUN So] SUBP JUOUUOP as Inb sinoo sap asi] eT ‘os a3ed 
e] & VIOANOI) UC ‘gsTTeIO9ds 4sd.S JULIPN}9,] sjonbsay suep soloneu 
So] 30 OIU9S Np sUIeWIOP J] SWOTdIP I IMS }UIOSUI UGC ‘d}ISIOATIUN,] 
B qej19 asesn] UoTas ‘soonbiydde saouaros sa Jayayoerq ap no o1ues 
Ud IoTsyoOeg op 9111) BJ JUDIOJUOD BIUNS Ud soWOTdIp sated saqT 
“SOUISIOATUN SOU 
suep sopn}9.p saguUe siyenb soy JUeINP sIolNsdI sInod xne 91DeSUOD 
sdui9} np Qo, “‘d 9 UoIIAUS ajUaSgIdoI sooUdIDS sop arydosoyiyd vy 
‘sonbryljod saausios soy ‘sUJapOUW sIIOJSIY.] ‘aTWIOU0D9,| ‘sonsury sa] 
suuI0d sjafns op opni9,7 ‘sie so yeguneyeooeq UN IIU9}GO,p SdAgqT92 
xne jouwlled mb oieyuowsjddns sguue oun ‘olu9s ud }eoINeTROORG 
np soguue oiyenb soide ‘ainjour enbsnf jUOA s9gzISIOATUN SoUTe}II0 
onb julod 2} & ‘sayeIoos saouaIos ap jo soyuUeUNY,p snjd oinjour A ® 
JINULUL Bp d1U93 ap sinod gf Jaddojaagp *B a][onjoe Ind, & pUd}UO 
‘ostesuely onsury] 
ap JOS ‘jnNOJINS daqGEgN— op soUTAOId LI SULp ‘JUOTTTeAeI} s{I Nb daAz 
xnoo op sIquiou UOg Jed ‘aII}]N sIeSueIJ NP soURSSTeUUOD PL] JUSANOI} 
SIVJSUL] JSO BJOUIJO}eW oNSuL] eI JUOP SINIIUSUI so] ‘osIe[suL 
OMNSUL] YP SINIIUJSUI So] d9AP ID[[IVAVI] B JO JoIOQeI[OO e JoIedgid 
Sg] 30 “(souussdoins no sastesuelj Sopoyjeu sep nol] ne) Jonbydde e 
sgjodde ynojins juOoIIs s[I.nb ‘pion np onbiisgwy,] & soidoid otugs op 
SOPOYISU So] DOA JUASTIVI[IWVJ OS SJULIPN}9 so] onb ey Jed ynsa UO 
‘sIeSUBIT UD JWIUUOP VS SINOD soy] sno} slew ‘souURIy US sguTIdWT 
sjonueul op onb sure ‘sanbiio9y} sinoo simorisnjd mod ouwgu jo 
TeJUoUILIgdxe s1U98 op sImod sop yiednyd vy] Inod ssre[sue onsur] op 
S]ONUPLU dp }Jas aS UO ‘asIeSuURIJ ONSUL] Op SUOTININSUI Soy SURG ‘SUSIP 
-BURD SINSIUQSUI xNe III]N }sd SoNSUL] XNOp Sop soOURSSIeUUOD BT 


se 


ANO :010Ud ‘a1uas np apnja.] supp 
Jaiiuassa j4D un jsa aspjuadsv/T 


‘ouyetoods onbeyo & siornonsed syneinoey 
39 Sollo}eSI]qO sinod soy nuow of Jed jyuonbiydxo s9yIsIoatuN sap 
solrenuue saz ‘sguuOp juOS Inb sjyeyNoey sinod soy rWIed IIstoyo 
op owed my uonb soied ‘9}3dope ve ji.nb surewop np suonsonb 
SOUIe}IIO SUBP JasITeIONdS 9S Op OpNyi ye] eI Issne ev jURIPNi9,] ‘soquue 
SOIQUIOP S90 JURPUDY “sISIOYD & jURIPNI9 | onb gyI]TeIDO9ds eB] Ins JUOUT 
-g7ediould juolajiod simoo say ‘(soguue ouarxnap jo o1oTWwoid sop 
SINOD) s1U9S Np SaVIQUIS SUOTJOU So] Jd SoTVJUIUILPUO}J SI0UDIOS Op 49 
sonbryewisyyewW ap SINOd suTe}II IIpuojoidde ve elonUIUOD JUPIpNyd | 
onb sioye ‘soguue ouotjenb jo OWISION UW ‘O}ISIOAIUN,p ogUUe 
OUIIIXNsp LI Op UY PI & SoIpN}d 939 JUOINe sjalns soo op JAednyd eT 
‘1U93 NV JI}LI9I WOIp oJ ‘saoUaIOsS 
Sop O110}SIY ‘OIUNS NP IIIOJSIY ‘QUIOPOW DIIOJSIH{ “Sajv1I90S saqua1ag 
‘(asivjsue onsury] 
Op SUOTININSUI So] SUP ‘asTe[sUL) asIeSURIJ UONISOdWIOD -/sansuDT 
‘o1u9g3 ne sjijyelaI sowgtqoid ‘arydeis 
-OJ1v9 ‘(sovjd Ins [IeAes}) SgAo] Soy ‘orugs ne gnbiydde utssap 
‘Q0ULISISOI INI] 39 xNVLIg}vUL soy ‘onbruvogyy -aluas nv uoljINpoAjUy 


ve 


‘aIsOTO9S “(oIQIUIN] “UOS ‘InoTeYd ‘oWIsHgUseUT 691101130979) 
onbishyd ‘(opeiguium jo onbruesi0) ammiyD -sayjainjou saouais 


‘onbyysyei1s ‘Tewiso}UyUr [Novo ‘oL9UIOUO3II} 
‘(@AndOsop jo onbndyTeue) o19UI093 ‘oIqasTy -sanbyowayjop 


‘SOJUBAINS SOIQIWVU So] WeIpuoIduios ‘alugs Np sourewop 
So] sno} Inod swguw os] ‘odA} sinod uN ‘alTepuodss sInod af side 
soguue OUIZIxnNep 49 s1QTWoId soy INOg ‘souo[dIp sop s1gyuoo nb 
UOMNINSUI 9UN,p SINOd soy ‘UOTJesI[eIOods op saguue sa] Inod ‘ajuenb 
-91J JUeIPN}9,] 1onb soide ‘sue xnop no uN,p oioyeredgid sinoo un 
JUSUUOp “MdIUgSUI,.p opeis of sed yUSIEJUOS OU INb ‘sasaT]OO suIe}IO_ 
‘oguue owojenb ev] nO oUIISIOI) eV] JURAe Sed je} OS OU (a;duIOxa 
Jed ‘onbrij990]9 ‘onbruvogur ‘[IAIO o1u93) Jol[NoNIed surewop un suep 
uonesieiods vy forugs np xnei9u9s sodioulid soy Ins yuoWoTjonjIGey 
jud}10d saguue soigiwisid xnop so] no s1gTWIoId BT ‘soiltepuoses sapny9 
SINI] SOQUIUID} SIOJ oun ‘oIUgS Op 9}[NOVJ eT e SUe bUID no oIyeNb 
ap SINOD UN IANS IIIVUIPIO.p JUSAIOP SINOIUQSUI so] “epeuRD NY 


SJISIOAIUL) 


‘OOI ‘d 99 op oUUDAOW 9UN JUDSIXd SOJISIOAIUN SOUILIIOD ‘oITepuodas 
Q]099,p a9UUe dIDIUIOp eI OP SINODUOD soy sUBp ‘oTWITYD Ud 49 ONbIS 
-Ayd ua ‘dljQWIOUOSII} Ud ‘dII}9UI093 UD QO] ‘d QO SUIOW ne nuUd}qGo 
ye JURIPN}I,| onb UdSIxd soINO], ‘SOUUSIPeULD Sg}ISIOATUN So] sULpP 
asod uo.nb a1u93 op SINOd xnv UOISSIUIpe,p SUOT}IPUOD soy] sUBp UOT} 
-BULIOJ 93199 op souvOdUII,] dUdI[NOS UG ‘sonbIyeWI9Yy}eW soy jUOS 
onb aousios 91n0} op oSeSur] a] sup 9ITIOvy oUTeII90 oUN y0 (aTWITYO 
yo onbiskyd) sayeyuswepuojy soousIos sop osrpuojoidde souvssieu 
-u09 9UN IIOAe.p dnoonveq 9}JOduII [I ‘slugs 9s] SUBp IISsng1 Inog 
"S9OUDIOS Sd] 
jo sonbneursy}eUw soy ‘ol0}sIY] ‘sreysue] ‘stesuel os] pustduios mb 
ajpdguas dIN\[ND sug 9UN,p I¥eq PI WUINOJ IITepUOdeS 9[099,T 
‘QUSIOAIUN J B JISsNgI op yUOIOWIEd In] mb jreaey 
op sepnyiqey souuog so] Ignboe Wop s1u98 Us JUeIpN? INynJ oJ onb 
DIIVPUODES 9[099,] B 1S9,D ‘sJURIPN}9 sIMo[iour sop jred ev sp ourgUT 
‘snUojNOS S}JO]Ja Sop dBIxO [I Jo ‘saguBIsse soyoR} xnenb sinoo op 
soinoy xne yuenb uaig Issne ‘9}IsI9AIUN,| B yUSTOS IND s9si1eyo snd sop 
39 sjajduroo snjd sap un jso o1U93 op SINOd OT “IMSIUQSUI,p sI9LIIVO 
es B JoIedgid as eB soUDWIUIOD UO.NbD sITepUuOdeS 9[099,J B 389, 


. 


ailppuoras 2j093 


NOILVWUOd 13 SAqgNL 


st 


a1JaZDQ) JvaAJUOPF :01JOUd 

‘sinbad J242]U1,] Ja Sapnjijdp 

sa] juaio sayanb nasnod ‘adsaisdvo 
aja sAasspAquia.p Sauuaf ap asquiou 
puois snjd un aydeduau uals anb 
auiijsa ‘subd XIp Sindap ]J1DIJ ajissaa 
-1Uf) J ap aluas ua aaugjdip adaiuasd 
D] aja D ayjanb jiwf np uoljuajjo 
Dp aasodui jsa.s inb auwaf aunal 
ajay) ‘sauuaf sap avd sajnoaxa adja 
juadnad aiuas ap XnvADA] ap asquiou 
uog un ‘amwoy.p uoissafoAd aun 
uoljippé] ADd j10S aluas aj anb uaig 


“OJURSIVISIVES SI9IIIVD 9UN 19019x9 eIINOd 
gIJo ‘sapoejsqo sop zidep ud JoI9AgSIod B ajQI1d 4S9 d]JO IS 30 SoITes 
-S909U J9I9JUL] 19 Sopnynde soy eB II[9 IS SIeUl SIOJUOWINS B SofoR}sqo 
SpuvIS Op IIOAV Jnod INdTUDBUI SWI LT oNb 9}saJTUeU OUOP 489 |] 

"SINDIUDSUT Soy sTojIed jUdI]UODUDI oNnb s[lIed Soy ILIMOD oITeJ 
Ind] BNO SdQUBIO][O SUOISII Sop SUBP SOWIWOJ sop IOAOAUD B 9INOP 
SUBS JUSTeIOVISOY smoAojduisd soy ‘sunayle.q “sowwoy xne.nb sours 
XN SUIOW JITUSAUOD JUdTGUIAS OTUNd Np sjoodse suTeJIIO ‘sIOJOINOL 
‘SINDIUISUI ITUDADP Op SoUIWDJ soy oYyoeduId.U ‘TOT VI sUep ‘UOTYy 
‘g]Jonueu no onbruvosur oyIAIOe OpuvIS oUN JUOSIXO 
Inb sostidoijua sap suep sagAojdula souUWay op o19NS PIOANOI} OU UO 
yp JUowWINY ‘UoKONpold ze] ap yuadnd90;s ‘}sd Ud [IS ‘aIquiou Jed 
UN [JUSWIOUSIOSUd | 19 DIIOJVIOQL] IP SADIAIOS soy “UOTOadsuI J ‘stesso 
So] “OYDIOYOII VI SUBP ITVUIPIO,P 91JUIDUOS 9S DUTUIWIDJ 9YIATIOV,T 
‘SOWUIOY Sop Svd IJ SUBP oNb SasndIQUIOU SUTOU! JUOS SOUIWIIJ Soy 
JU9JUSTIO.S Soyfonbsay SI9A studs Np sololIIVd soy ‘oyquuesus. J SUB 
“Q[QIVJ S91] JSD SINDTUDSUI SOWIWIJ SOP [e}0} BI ‘epeuRD Ne 
‘s1u9s Np sourewop xnediourid soy suep sowudy sop 9ANO01] UO Nb 
udIq ‘SUIOWWIURON' “INDIUSSUIT UOg UN 91}9,p WWJ oUN sYyogdWwId.U 
uot onb arydeizouow 93390 Wy] anbuoomb ke JUdpIAd 9199 HOP II 


a1uaBh 2a] Ja Sows S27] 


Cy 


“SIUOUODY 91JOU JUISII9}NvIvO IND S3dIA 
-I9$ 19 SUSIG SI] JOYIPOU 9p ONA Ud SodURSSIBUUOD sas jo SapoysUI 
SOS JUSWIWIEJSUOD dIOT[9UIe [I.Nb suas 99 Ud ‘onbrureuAp sai} 3S9 o1Ugd 
OT ‘Soyfoinyeu seoudIos sap jo sIUgsOUYE} YI Op soIs0I1d sJOTUIOp 
Sop JURINOD NB ITUd} 9S a1OOUS IOP [I slew ‘suOT}eNyIS soyJaAnou 
Op & s0vj o1IeJ Inod jUs[e} UOS Op IIAIJOS 9S JUDUIITNIs WOU JOP INsIU 
-93ULJ “UOIXa]Y9J BI 39 osATeUL,p WIdso | ‘apnyig9,| JUSIgINbos xnop sno} 
“SUNUWIUIOD S}IvI] Sop yUO onbiyjeid usd o1U93 J] 39 D1I09Y} Ud sTUaS 9] 
‘SoTBJUSUILI9dKX9 SDUDIOS So] 19 SdInd saouUaIOS say sojno} sWIWIOD 
“91RD D0AR JopIed 
9p Jo 9ILIN9.p We] JOAN[NS ‘onbiyeid vy sed “jnod uo ‘Jainyeu jusyTe} 
un jurod ureji09 un e.nbsnf 3so uorssoidxa.p ouIOv] PT IS “s}LI09 no 
xnvio sj1oddei sap jo sIAop sap ‘suvyd sap 1s1edgid ‘sanZayjoo sas 32 
sinsAo[duio sas ‘sjutof[pe sas oaAv y1oddei us JaUS WOp INsTUgsUI, TJ 
‘sonbisAyd saousIos sop 
QUIVUIOP UN SI9A IOJUSTIO,S OP XNOIUI JIVIOJ [I ‘XNVARI] SOP DOURTIIOA 
-Ins ve] no odmb9.p [leaves] af nod uolsiaAv | ap aanoid9 jueIpnyd 
uN Ig ‘SINSIUISUI xNe IIICUIPIO.p jUdquIOOUI INb s9y]IGqesuodsal soy 
Joumnsse Inod jo Japensiad ja aJoUTeAUOD INOd saITessa09U JOY IP SOI] 
-enb soy Japgssod yop Ij ‘soijne.p red uolnogxa & SIU JUSANOS JUOS 
sjofoid sos 1¥d ‘soijne Sd] S9AB JdT][IVAVI] OANOd op AnstugsuUI UP) 
“onbruyoo} 
dstidoijUs 93N0} 9p JoIOUPUY JOodse,] JUOWIITQL}IAQUI 9310dWIO9 onb 
sopnj9 SosnoijnuUIU 39 SansuUOy so] Jos[s9u sed ouop op ou INoTUgSUT 
Injnj a] ‘onbrurouo0dss ona ap jurod np saqesiyeei JUIIOS saTjo,nb ynvjJ 
[JE steut ‘onbruyos} ona op jurod np sayin sasoyo sap simpoid yop 
INdIUgBUI, TJ “Od Np uOoT}sanb ve] ond ap sipsod srewel sues ‘imoye9I10 
39 onbryAjeue ‘imoysmbur yudso un JoUOW WOP [I,Nb o1Ip-e-3s9,9 
‘conbryeid maagIy UN 9.199 JOP I] ‘UOTOUOJ I B 39 OULIOJ BY & “INopuLIs 
RI & yURNb Ja9I0 B aYoIOYO ]I.Nb 90 Joj}UasgIdo1 as INOARS 39 9IqQISsod 
np spuoul oj Jo10j]dxo vipnej my [I Jeo ‘JoeUIsew zosse atjg WOp 
INaUgsUI INjNy oJ SIR ‘onbyeid o1ps1o.,p suotsonb sap s1leUuIp1O Pp 
adno00;s ‘aouaros ev] ap suorjeordde xne asso19jUul,s Inb ‘mmortugsur| ‘Tos 
ud soURSsIeUUOD BP] ap odnd00.s mb ‘onbyMusros nv jUUIAITeIJUOD 
‘anbiskyd ey 39 arwryo ey ‘sonbyewgyyeu soy ‘ojduioxe sed 
‘QIIBPUODS 9]099,] B SIOUDIOS Sa] SUBP SANOId Je} DAQT9 UN JUOP Sapny 
-1yde soy 39 3919]UT JIA oJ Jed onbneid ua o}sayruew os uoTIsodstp9id 
91192) *J01998 9] ILIANODEP Ud,p INjI0 ‘aInjeU ve] op sougUIOUgYA soy 39 
SIO] SO] DIJTLUUOD Op IISop puviZ UN B JON[e WOp IMoUgsUI INjNJ 97] 


JINID 37 SNVQ UISsN3ad UNOd SAsinoIwy SALIVNO 


Ie 


‘7961 US oIQISIUTUT Np 


a}onbua | & npuodsl UO Inb sInstUssUI G6E ‘OT XNe }UdN}IOddeI as sagUUOPp SOT 
"PMENO ‘[IVARIL NP I9}SIUIU ‘SoydIOYOEI Sop 19 oNbIWIOUOS?,| Op UOT}SOIIGQ. :aOUNOS 


OOT | OOT | OOT | OOT | OOT | OOT | OOT | OOT | OOT | OOT | OOT | [230.L 
Gi Ol SI 9 6 II Ol jk II II 8 eee eee eee eee eee eee eres solInNy 
O21 08. | 6) V6 LE. VS | 80. |.6C~ ee cmc mata UOTeI}SIUTWUP VW 
I c I € L v 14 € v v tc uOT]esLIes[NA 
‘uolonIj}sul 
‘JUOWUDUSIOSU 
9 8 Ol CI II LZ Cl v €T P OI Peewee ener ee nseenseseces yeyor 
“9yoIeU US OSIUI 
“SOOIAIOS ‘OJUDA, 
¢ g I p Be ib I we I sr a 5 D ajatatat drake Pav atste cove fey soryd Ins 
uolnelo[dxq 
D 9 C /é, I 574 9 CZ (3 € II ee ey u01}9019 
‘UOT}eT[e}SUI 
“uoljonISUuOD 
EVA COMMS TIO SIAN EEOL RSE toa | 2 SCA 6 Si cer ein ee uatje1}U9 
*JUOLUOUTIO!]NUOJ 
‘uoljonpoldg 
t Vs Cc Coa Sh OC et Co Ls | ies 4 Ged ae Fae” UOTUSAUT 
9 Sc |S 90.51, L Cc OES) ELC aE aes IMsTeA US OSTU 
39 SYOIIYOOY 
% 1% |% |% 1% 1% |% 1% 1% 1% 1% 
PIERS IEIEIRI2 IIR lz 
Tee =e eed eC eee ee elder Rey ae 2a 
°. iq’) 2. e a an =F =a g — 
Pe ee | ee 2 |: 
ag = ay o o Kas 
i Pu? a 
6 S 
upeloeds 


Z96L ‘SeIstoys SozITeID9ds sep suep 
‘SuO}}IUOJ So] SQid¥,p SMotuasUI Sap UOHHABdIY 


Of 


“SINSIUQSUI sap onb 
JO NI[d sInsjeI}sIUIUIpe Sop p1Oge,p jUOS s]I.nb JUdIEpIsuoD suOTIOUOJ 
$90 jussst[duior nb sgwigidip sinorugsul,p s1quiou uoq 19 (pp oded 
‘7 3° J SuOpEYyoy MOA) sourzodut.p snjd usa snjd op jusuusld soayn 
-BIISIUIWIPe SUOTIOUOJ Soy onb oInsow ke ‘sonbruyod} xneaes) op surour 
us SUIOU 9p jUd}IodW0d Mb suonenis sop & yMpuUOod oUTeUIOp 90 
SUBP JUSUIIOUBAL,T “SostideijUo Sop UOT}sos eI 19 UONDOIIP eB] nod 
Ing[ea op snid us snjd op yromboer Inougsul.] op onbruyoa} uoNeuws0} 
Rl ‘onbynusios UOTDeIIp eT B 19 DUJOpOU onbruyos} ey] eB soURIIOdUIT 
opuvis snjd oun jUOYoR}}e IIIsNpUI] 39 sOIOWIWIOD a] onb nA 
‘sgAo[duio sureji99 op s0URTIIOAINS vy JUDjIIOdUIOD sInsTUgsUI,p 
stojduis soy sno} onbsoid “Isury ‘suorjonsjsul sop JouUOp jo 93110]Ne J 
Jon3s3[9p Wop Insiugsury mb ve ‘o]JouUOIssajoid-tuwias no agsipeIoads 
‘agstqelogds UOU OJAND.p-UIew eT Op Jed 93nd9x9 js9 ‘oUNNNOI op jo 
jonueul [IeAvI] np oied omofew ey ‘orgs op xnvAvi} soy sueg 


(SAnajDAISIUIWIPD Pp Ja SANAJIaAIP AP SUO1JIUO) UO1JDAISIUIWIPP 


(‘anajnj1jsuy ‘pp OU 
s1ydeisououl ‘VAVNVO AV SNOILVdND50 MOA) ‘sasg][Oo say 39 sep 
-U0D9S JUSIOUSIOSUD,p SUOSTeU Soy suep (anbisAyd jo sty ‘sonbr} 
-PUIDY}CUL) UOIssajoid Ins] op aseq eI B UOS INb sjofns soy JOUsIOsSUS 
qusAnod sinoIUgsUI soy ‘JUOUTOUSIOSUD | B UOTIeIedgId oUN SdAY 
‘[IeARI] IND] sUBP SINOTUDSUI Soy JUOpTe INnb sudIOTUYDA] So] SOUUIOJ 
yUOS no ‘sanbruyos} sayoo9 say suBp IAUSIASUd INOd saITessso9uU SOI 
SO] SNO} ISsNV JUO SINIIUIBUI Sd “OYOIOYOOI Op [IVAPIZ NL IOIATT 9S 
ap sudskoul op jo sduia} op snyd oy & [I.nb ey 9139-ynaAd 4s9,9 ‘syueIpNyd 
xne ssoueRssIeuuod sos o1}JOWSUeI] B sANOIdS [INb uOTORJshes ey 
op snjd ud ‘1Vd “OSTIOAR] jS9 OIUDS Op IMossajold oT “OJISIOATUN.| VW 

‘TeyUNUIepUO; sts 
9] JousiIosus.p ‘epeurg ne ‘uatjiedde jinb soqisioAtun xnv ynoqyINs 
3S$9,9 sIeul {jUdUIOIINe NO sInossojoid op o13 vB ‘oovTd IMs IOUSIOS 
-ua B sgjadde yudAnos jUOS sInoIUgsUI SOT ‘oIpUuoIdde.p 9}UO[OA PI 
39 JUDTR} OJ JUO Nb xnId B soadlessoogu SaoURSsIBUUOD So] dI}JOWISUI} 
op Ionos a Saiquiowl sos op yed ev] Op SIxo UOTSsojJoid 9jnoO]L, 


UO1JOSIADS]NA JA UOIJINAJSUL ‘JUBWIUSIASUT 


"juajuasoidol sjI.nb Uosteul eI op 
sjmpoid saj yuasoduroo nb sjuswig]9 soy 39 Senbruyse} sodrourid soy 
TONIUDAD INdJaYyoOR, | ap SUdIOTUYOS} xnv 9}USSI][9}UI UOSvJ op Josodxa.p 
youttod imay nb onbruyoo} uoneulsoy oun sJopgssod jo simopusa 
suog op a119 JUSUIWIOPIAD JUOATIOpP sjURJUEsgIdeI sag ‘sonbruyse} 
syinpoid sap 1adnoo0,s Inod sojuesyyns ssouvssteuUOd sa] jUspessod 
Inb xnevosouIW0d sjuRjUasgide1 ap urosaq snjd uo snd op & UC 


JDYID,J ‘QYIADUL UA ASIW DI ‘SAI1AdaS Sa] ‘aJUaA VDT 


ANO :030Ud ‘sauipsouoy junuuatou ‘sjauuoissafoid 
Sad1Adas ap ajaldDA apudsés aun JuasffO Splasuod-sSinaiuasul saq 


‘opuvulop usd snjd ud snyjd ap JUDIOS SIdIA 
-Ias sma] onb s;quuias [I 39 OLIeA 39 NpuUd}9 snjd UOT}Oe.p dueyo un 
JUSWIDIIVUIPIO UO s]losuoOd SInoUgsUI soT ‘ued JoTWIOId op soyjou 
-uosiod soyqenb sop jo onbruyse} s0ua}9dwW0d opuvIs oun INO}O1 UD 
93Ix9 oI]9 stew ‘sgAojduis suWIOD yUATTIeAey Mb xnoo sed juassmof 
ou jUOp s0URpUdd9pUI sUN sUUOp INZ a]q ‘soAoj;dwisa owuut0s aonb 
Jo in]d 93dw09 INI] & IJOT[IeALI JUSIOJOId Mb sinstugsul xne yno}jINS 
JUSTAUOD UOISsaJOId 93309) ‘SJUSI[D SINS] B STOUUOISSaJoId SIdIAIOS Sop 
JUSPUSI SINSIUNSUI soIINe.p B sg1IDOsse no 9}dWIOd Ing eB yUOS INb 
SINSIUISUL Soy ‘SoITeIOUOY,p INOJO1 Ud ‘no Io;dws UN,p 193NId WSe;S [I 
‘uIO] snjd UoNsonb vias [I JUOp No UONsonb 939 elop vB [I JUOP saT]a0 
puojus UO] NO suas a] SUeP UONOUO}J oUN sed 4sa,U UOIJDJjNSUOD BT 
‘Juopusdsp usd no 9WO]dIP MoIUgsUI,] op soouURSsIeU 
-UOD xNB JUSWI9}I0I}9 JUDYORI}eI 9s INb suOoT}ednd90 sorjne sInoisny{d 
Issne & A [J “JUapgoogid JUSUASSPIO J] d1TOID Jassie] a] nod onb soruysp 
JUSUI9}}JOU Issne JUSWIOIVI JUOS soTTq ‘otU9s np sanbiuysaj yuouoInd 
sjoodse xnev judyoR}}e1 9S snssop-1o sognbipur suonednsso0 saq 
‘[IVARI] OP 91UNS 99 op aijIed yUOJ 
$O}JO1VD Sop USWIEXI | 19 SJUPWUPIP & IdLI}eIOJIod ev] ap ‘sonbruwisigs 39 
sonbry9useulosjoa]9 syUsWINIYSUI sap Iojdws,7 ‘ajqruodsip jzodsuey 
9p UdAOW 4NO} IdAOTAUID 39 SO9STUOTOD WOU 39 SOUIJUIO] SUOIS9I Sop 
suep oIpuol os “IDATY UD JUOANOS ‘}WIOp INaIUgsUI,] onb s1IeUIpIO.p 
jyuosoddns xnvavi} sod ‘o1u9d 9] JURSSOIDIUI UOT}eIO[dx9,p ]IeARy 
o1jNB JNO} 39 [OsI[as190d np Inopuojolid ve] Ins sapnj9 say ‘sonio sap 


8C 


[e9UOW “pasiiuiT “sodg Zjav4Q 010d “uo1jDI10]dxa Ua asi 
D] ap NO UONINAJSUOD BI ap Ingap aj juvAD ‘u1Osaq nD aatfipou 
Ja aaipnia a4jg nad Inoyrjnovd ap anbiaqv{ ajjaa ap uoijisodsip 
DT ‘aluas ap xnvavij ap sjafoad sap javdnjd vj] ap juvjsodua 
Joadsp un jJuajuasaddad ajjay2a,] V Sajepou saj anb juapiaa jsa [J 


UOISSOIdgI Ve] NO UOTeSIIIT.] Mod suoneyiyejsur say ‘sonbr1499]9-o1pAy 
soyerquso. soy Jfqeig Inod sonbrydeisoipAy soaol soy ‘suorjond} 
-SUOD Sd}SBA OP JOSIIO WOP UOJ NO WOIpuay e [OS np osATeUR | JUOU 
-J[239 BIOAWIOD J] SIVUI ‘XNLIDUIL IP IOURSSIVUUOSSI BI 39 SLIOA 
-noogp vy 3o[qo inod jnoyns eB epeuRD ne sovId Ins UOT}eIO[dx9,T 


aonjd ans uo1joA1ojdxa J 


‘yulod nv astulol op 39 saogid sop juouooefdwiol op ‘aseA0} 

-jou op ‘uoT}Oodsur,p oweIsOId UN JURAOAQIA “NUd}91]US USIq JOS 

[I.nb 00 & ‘ose][NO,]| op JUDWOpUSI UOG Ne jo JUOWIOUUOTIOUOJ UOG 

Nn’ VIIOA INIIUISUI 19d “UdT}OIJUS | Op Jo JUOWOUUOTJOUOJ Np gsreYyo 

Imoussur uN v& sagyuod 3139 JUSANEd UOdTJOIUD] eB Jo JUOWIOUUON 
-OUOJ NV SIAT}LIII SOYOR} Soy ‘oxo[durod sse][INO UN,p sed 9] sued 

“OXOTCUIOD JUSWIOIOT] 

-noiyied a8e][INO.| sp UONR]]eISUL] IOsIIIp B 40 JoTIOAINs ke sgfodde 

JUOS SINIIUISUI So] ‘I9I]9U Op SOUTTOY Sap jo SUDIOTUYIE} Sep Jed 99n} 
-Oa]J9 JUDANOS JOS onbruyos}) ssn] op UoNL]][esur], onb usig 

‘snagid sadej9 sa] jo sued soy soide,p 

99]ND9X9 IOS UOTIONIJSUOD VT oNb 99 B JUDIOA S]I ‘[eI9UgS Ud ‘Jo IGRI 

SIpIO |] UOTIS XNBARI] SOP UWOTND9Xd, JUOINSse s][I SUOTJONI}JsSUOD 

RB] @ sgAo[duid xnelg}eU sop juddNd90,S Jo XNVARI] SOP UOT}INI9X | 


LC 


JUDT[IAAINS 19 JUSBIIP sj] ‘aJAna.p paid e UONONsUCD ap xneA 
-B1] Sop SosIeYO SINIIUSUI xNv JNOJINS squIODUT UOTIOUOJ 91199) 


YUO1JD]]DISUL .] ‘UO1JINAJSUOI DT 


‘sIndIUgsUI Sop odinb9 J 
op juewodw siquMiswW uN UOe}OIdxa,p INdIUgsUL] op We} jUO 
uonesnewmoyne J ‘sduio} onbjonb stndop ‘ja uoNonpold op jouuosiod 
Np UOTCULIOJ VT “UOT}VOYLIZA Op SUdAOU So] 19 UOTONpold ap nod 


ANO :010Ud ‘snajq sa] a4] ja 
Jauissap assind Anaiuasul.] anb Jubjsoduil Quop sa jJ °ajjay2a.] 0 
SUISSAap ap AUAOfL SNOS S2IDAJ JUOS aluas Np SiAap Sap jAvdnjd DT 


‘auualpou 
-D2 aldaUuUOIAD apuvdAS aUuN.p 
uIssap ap ajjDS dD] Jsa 19a) 
"AnalUasul-Sadnay p S4al] 
-]1Uu Sap juasixa Sausapoul 
as8vD]]1]NO.] ap ja sajnaiyada 
Sap ‘saulyoavu Sap uo1janaj 
-SUOD DI Ja Uuoljda2Uu0d DT 


oC 


Np oslo oJ ‘oIpusoUl.p nO sjuopIsoR,p sonbsi1 sap uoNeurUNys,] 
“19]ND9Xe Sa] Inod o1lessao9gu sds} 9] 19 S}JUSWIOANOUI Sa] INS 9pnjd,] 
stidwioo A ‘juoWapusl ne syoe}]v UO.Nb opurss snyjd ua snd sp sour} 
-loduil,J ‘uononpoid ef sp ourewop 9 suep siojied jussod os mnb 
SOUQ[qOId say sIPNOsZ1 sp NO JUOWOpUdI 9] JOIOT[9UIe,p s[qISsod 4s9 
[LS sinofno} JuRBpueUop as ‘sIoI[NS9I so[eAJo}UI e& yINpoid np Tessa] 
yUOJ s]] “uoNONpoid ey sp sodvji9 sop jo oUISN] Op JUDWAsSeUDUIe | 
Op ‘[IVAVI] op S9poyjgUI sop 19 UONONpoOId op soalreuIpsIo sapgo0o0i1d 
sop uonvoyddey op jyuodnss0,s uolpjiojdxa.p sanaiuasul soy} 


"sIqei9 JUoWIQe[eoId oIpIO UN jd dIIeIOY UN UOTAS 
asI[egi os ostidosjuo., onb uye ‘uononpoid ev] op jauuosiod np uon 
-yied91 eR] 19 foLIg}eW Np yeyoe,] ‘S[IINO-souTYyoeUL Sop jd dBRI]NNO,] ap 
onbipoyj9w uorsodsip vy] ‘oursn.] suep “110AgId ap a]qesuadsiput }s9 [I 
‘sonbrjusp! sjafqo,p siquiou puvis uN.p afoljsnpur uononpoid vy] 
op no ‘ajdwioxe sed ‘juownjeq un ‘jofqo [nas un,p assise.s [Ind 


UaiJadjUa J ‘JuauauUuoljIUOs aj ‘uoljagnpodld DT 


‘uononpold ey 1o8l1Ip op 
19 JOsIUeSIO.p sosIeYO JUOIOS INb sInaIUgsUT Sd] JUSANOS J9}[NsUOD 
J2 JUDINDUUOTDOJIad Np 3d dYOIOYDEI PT Op jauuossod Q] OOAB SOJU} 
-SUOD SUOT}¥IOI UD 9119 WOP UOTUDAUT,] B& oNbITdde Imatugsur,T ‘onby 
-SI}Iv JOodsv.J op xnoionos syusTO xne oireyd eB ayosoyo Inb jolsysnpul 
Ind}eulssap Np ssouasixo sop ojzins sed Jonbiydwios os yusAnod Inb 
19 JUSIADI op xd Np UOTOUOJ Ud SgIs91 94139 JUDATOP INb ‘9}IOvOLYO | 
B 39 DOULISISOI VP] B ‘OWIOJ VP] B ‘Splod ne ‘ossew PY] kB SJIeOI sonbru 
-Yy99} sowajqoid xnev osyono} surewop oD ‘JUSWApUsI Np Jduosap 
SIAOgp ne no sonbneid saouesrxa xne juospuods1 mb sgpgooid sap 
nO soseJANO.p ‘soseI[INO.p ‘syinpoid ap ‘sgsodwosd op UOTJUDAUL,| & 
a1ugs np sijqei9 sodioutid say sonbidde e 9}sIsuos anbruyse} 91199 


uoluaaul,| p anbyddp aluas aT 


‘salattnonied soynoyjiIp sop 
Jg[391 NO Sd19IVBU SdTJIANOU ap JaSI[IN ‘UOTONIJsSUOD 9p NO UOTJONp 
-o1d op ‘askjeue.p sonbruyos} 39 sopoyyew sayjaanou op sonbiydde 
‘synpoid xnevoanou op odAjojo1d of Tessay B dJ}JOW Jo 19}USAUT 
9139-jnod vIPNV] |] “S[991 SUIOSOq Sop dJIeJsI}Vs op oNA UD xNvoANOoU 
sodioutid no soouvssteuuods soy Jonbydde e fol syos9Yyd UC “a]e}JUSWI 
-EpUO}J 9YOIDYOaI Vv] aonb sajqisur} sjel[nsoi sop JouUOp kB ainyeu ap 
snjd juos jusWIdUUONSaJI0d a] 19 ONbNeId sIPIO.p soyosaYyooI SIT 
‘sgjadoi sooyos sap soide ouigui saoualigdxo sop osrey & 93.10d 
J] Inb a]janqoayJayUT ayTSOLIND 93390 39 Q}OvUD] RT ‘sOUDT}ed vy UOS 
onbyusios IMayoIoyO np sayjamuassa soyyenb soy “(aystwirYyO InorU 


Sc 


“VAVNVO NV SNOILVdN9DD0 219s B] ap ‘aiups ua Ja Saouatos ua 
suald1UyIaj SAT :Qp OU sI4deIZOUOU PJ 19}[NSUOD ZaT]MOIA ‘s}JUSUISUSIOSUSI Soydue snd op 31u9}qQ0 INOdgy 


-93UI UN,p Seo a] suep ‘ayduoxe Jed ‘aTWITYS eI) osITeIOgds 9s [I Jonboy 
SUeP 9198 NP sUIeWIOP J] 91}TeUUOD UI Jo SonbIyeUISYJeW Us JUN}9d 
-U09 $91} 9119 JOP [IBAvI} Op o1UdS 99 B QUUOpR,s IND IMoTUgSUI,T 
‘OLIJSNpUL] suep 
‘snjd ua snjd op ‘jd S}JUDUIOUIOANOS SOP SOOIAIOS So] 39 S9JISIOATUN 
So] SuUBp jINSINOd as sNbIUYd} BYoIOYOOI BT “saTjonjoeR SopoyyguUl So] 
39 sonbruyos} say Joro19uie.p jofqo Inod I1oAe no ‘sonbruyse} soy[aa 
-NOU Op ILIANODIpP op Ilodsa J 1Sd,U 99 IS ‘OJVIPSWIWI UY sUNONe IOSIA 
ou ynod ayo Suonejuswisdxay 19 uoNeIO[dx9,] o1TeuIpIo.p 910d 
-W0d IeRJUSWUIVPUOJ SYDIOYOOI PT ‘soNDYNUSIOS SsaJJOANOSEp Sop UOT} 
-estin | & 19 onbruysa} soisoid ne sfqesuddsIpuUl jso SYdIOYIOI VT 


ANIIDA Ud ASI D] Ja BYIABYIAA VT 


‘91U93 NP SOUIPWIOP SISAIP So] 91]Ud JUdSSTJIedgI as SoIde-ID SUOTIOUOJ 
Soy yuoWIWOS onbipur [¢ osed vy e onbiydeis ug_, ‘ospurow dnoo 
-neog ZIQUIOU Ud SIeU ‘SINIUISUI soIjNe,p JUsWaTes9 s1o;duIo mb 
QUIVULOP “UO1JINAJSUOD V] SUBP JUDT]ICALI} S[IAIO SINDIUQSUI sop UOTIOd 
-Old a}1J0J zasse oun ‘Isury ‘aIu9g3 Np JolNoNsed surewop uN ke 98e} 
-UvAeP JUoUUOTIVdde OHAIIOe.P SOWIOJ SAUTL}IIO IS OWQUI ‘SOSIOAIP 
SUOT]IOUOJ Sop ayJOdWIOD suIewWOop onbeyD ‘soaynonsed sopninde 
Sop Jos 9s [I o]Jonbe] nod 9}ANoR] eB ITUd} Ud,s eIINOd [I ‘soURYD 
e] & Ud [LS ‘pie, sn[g ‘o1gNONIed UONOUOJ oUN NO 9}IATIOR oUN B 
JUSWsTeI9UIS BYDL}1e,S—‘OUTPUOP 91j]Ne 4NO} SUP NO 9}191I}90]9,] Op 
‘SOUILU Sop ‘OIWWIYS BT Op dUTeWIOp 3] SUeP—‘OWIO]dIp IMotugsUI UL) 


suolauo0d 


“IOIIQU IP SOWIUWIOY.P 19 SIND}CUISSAap op ‘SUdTIOTUYDI} Op ‘d110}eIOGR] 
op sjurol[pe.p osprey op saioyousg jinb uonlpuos e& saouRssIeuUuOod 
Sas 19 Ins}V919 WIdso UOS JUDWIUIZId MWOTeA VIOJ IMOIUSUI,T “IN94 
-PIQUNWOI Jo JURSIVJSIVeS TOTdUID UN SdIOTIIVD Sod SUBP IOANOI} USA 
-nod sonjnoa sapninde say uepgssod 319 sayuajgdui09 sauuosied saq 
‘(2INJIZANOD V] ap o8ed sWaIxNap PF] ITOA) sjafns sao INS sag][INo} sot} 
sorydeisouowl soine.p sjuasgid pppund nv suoijodn2IQ UWONd9I][09 
eT ‘“JoNgWI op SWUIOY,p NO UdIOIUYOd} Op INjId SWIUIOD 9gsITeID9ds 
[IVAvI] UN B JosUOS yUOIeIINOd ‘sonbruvosuI no sonbruyoo} xneaedy 
Sop & IOIAIT 9S JUOpUadso yUaTNeA mb srew ‘orgs oy Jed soinye sed 
jU9}UNS 9S aU ‘aIUdRISOUOW 93300 NY] JtoOAe soide ‘Inb sjueIpnys soq 
"JOT[VISUI 39 Jonbiiqgej & SasOYd Sap sao UONesI] 
-¥91 Be] Inod JoN9W INI] sp senbruyos} xneve jUsUUAT} Ua.s—‘sueRsTIe 
Soljne 39 SajSIUTpOeVU “SINopNos “SUdIOLIJDeIg—‘IoNguU op sSoWWOY 


payuny vpouvg fo if{psosp puvjjiavy ap :0\0ug 
‘Aa1JaU ap SAa1dAno Sap Ja suaiz1uyIaj Sap anb 1suiv Sanaiu 
-28Ul Sadjnv p puasdwuos inb adinba aun,p aijavod jiwf anaiuasul J 


‘sdaiuiu Slojduy “py stydeisouoW ‘VAWNVO NV SNOILVdNODO JOA, 


So] ‘QUIQ{dIP IMsTUgSUT.] Op [reAvI] np syooidde1 as mb oxayduioo 
S91] oimjyeu ouUN.p [IVAvI] UN JUSANOS jULSsT{dUIODOR ‘sInoTUdSUT 
xne SooIAJos xnoio9gid ap puoi ‘soudligdxa ojseA oun jo suUsAOW 
eR] 9p snssop-ne onbiuyoo} UOTeWIOJ oUN }o ONINOA DdUdSTTIOIUL,] 
juepgssod ;susioruyos} op xnoiqwiou odnois uy “JoN9W ep souW0Y 
Sop jo SUDSIOIUYID} sop ‘sInoUsSUT soljNe,p pusIduIos mb adinbs 
oun .p onied yj [J] ‘Nos sed ayTeavs] OU INSTUDSUT] “JUOTUOTPUION 


‘astidosjua 
93n0} 9310dWI09 onb sidiouruy jo sonbrwouos9 ‘surewny sjUuoW 
-J[9 Soy JoIgpisuos uaiq ‘anbynusios af onb snjd ‘Wop smorugsurlT 
“SOUIQUI-SOTT9 SasoYyd xne.nb joynyJd sasoyo sop uoNesI{NN] B ‘IOs US 
o13190U9,] Bnb s18190U9, | op UONesTNN, | B sn{d osso19}UI;s [] “[Ieaes} ne 
QOUSIOS BT IP S9OINOSSOI Sd] 919]9W 9p UOT}OUOJ Inod yno\INs B MoTU 
-9S3UI,] “JQYJo B ISNVO OP SIO] Sop 9 SIOAIUN,] OP DOUDTIOSUOD osvJULALP 
sIpusid eB soWWOY saz JausWIe.p sd10]Ja,s Wp Juowoidoid onby 
-IJUSIOS 9] ONb sipur} ‘stojayno] “spari9}eu sousuIoUgYyd sop ynojqns 
adns00,.s nb «uarorskyd onbynusiosy un so [I ‘soUsIDs op sUIUIOY 
un jso [I NO suas 9s] sue ‘saTBIOOS 3a SanbruIoUOds ssdUeNbgsu0d 
Sino] sed JUSWIWApIAD jURITQnO,U ‘sasoyd sop onbruvogu jo [ein} 
-OnIjs ‘guIuPUT yoodse.] op jUoWoedioulid odno90,s INoIUgsUI,T] 


‘QUIWIOY,] 9p suIOSaq xnv jUOIPUOdsI IND SsdIAJOS 
19 SUDIQ XNVIANOU 9p I9910 OP DYOR} ‘oINjVU LI IP S9dINOSSaI Sa] 32 
SOOIOJ S9T JUBSTTIGN ‘JauUOIssajoid InoIUgsUT | ‘opeIgUgs UOSeJ 9UN.G 


YNAINJONI.1T 30 WVAVAL 37 


EC 


‘asdA3 oy] 19 xNvYO VL] “JUDO a] ‘oSessTUY Nv jo OSPTNOW 
Ne JUBAIOS SjIseiqe soy ‘OJIOA J] ‘OU DOUDTeJ eT 39 D1Ia}0d vy] ‘oIn} 
-eigduis} ayney & SINOJ Sap 1osed eR] INQAOI Inod soile}OeIJ9I SonbIIG 
soy ‘ourejaoiod ® [Iewl9], ‘sooyq soy jo sonbiiq sa] ‘UOTJONIJsUOD op 
QISTYOS IJ NO oIsIV J JUOS onbIWeIIN SIIJsNpUI.] SUeP S}UBINOD s}INp 
-old op solues soy] *Xnvj9W Sap svd 9] SUBP oNb SOUIQUW soy JOS oSeT 
-[NO J 39 SOpoyJoU SOT ‘sonbiy[ejoW UOU YNeIZUIUI Sof JoWIOJsUeI} 
19 JaIodnog1 B aysIsuoo Inb ‘onbisinjje}ow stues np sxoUUOD soJ} 
aonb a100us sesije1ogds yIOJ oyOUvIG oUN so onbIUIvI9D sIUOS OT 


“suoloiskyd so] 19 SOISTWIYS SINSIUQSUT Soy ‘SO}SIWITYS Soy OITVUIPIO.p 
juatesst{duiol onb soxouuod soyoe} sop B o3depe JUSUTOTIOV]J Zosse 4Sd_S 
OSISINI[VIOU INSIUISUL,T “SIO[dUID SINd] & 39 XNVIQUI XNY JOSSOI9}UI,S 
jo sonbryewsyyew say yo onbisAyd vy] ‘orwmryo ey nod gnop uslq ong 
JIOp jUvIpNy9,J ‘sopljos sop onbrsAyd ev] op jo o[eIQUIU STUWIIYD BI Op 
DOURSSIVUUOD PI INS 9PUOJ JS9 J}SISINI[VIOW INDIUISUL,] Op [TeAeI} OT 
“QUUDSIPBURS SIWIOUONDI, J SUBP JUOWaT[oNIJOe opessod oa]]o,nb 
JULIIOdUIT 9ISOP NV XNVIOUIU Sop UOT}CULIOJsUvI} Op SIIWSNpUI o1j0U 
9110d yuo sonbruyos} soidoid say 39 soyoONogep sap JUSWassIoIOV J 
‘S}UDWIOSIS XNIIQUIOU ap UOT}eO;dxa | 19 JJBANODEp VI ‘SIO, smindaq 
‘uoljonpoid oj0U op onied oimofem ev] juoresstuInoy ‘onbruuryig 
-SIQUIOJOD Ud AVUD}JOOY op ja ‘oaqgangd sa SUeP SOUTP-PIOJIOU TL Ip 49 
epuvION op ‘OlIvJUG Ud AIngpns ap suOIs9l Soy ‘6E6] Ua.nbsne ‘wntu 
-PIN Pp Jo JoJ op ‘ojuvTUe.p ‘quiojd ap ‘oJAIMO ap ‘judsIe.p ‘OUIZ Op 
‘UINISOUSeU Op ‘10.p ‘WINIUTWUNTe.p ‘Jayoru op xneIpuoW simajonpoid 
xnedrourid soy tuased osuevi as sXed osjou ‘sinof sou ap ‘ja sonbi[ej9ur 
uou 40 sonbiy[ej}ouW sIeioUIU sop uUOoT}eUIOJsUeI] op ajuRyOduUT 
O1IJSNpulI sun spessod epeurdg os] ‘soquUe sasnoIquioU op sindoq 


‘S9IANO S}INpOId Ud SoIOT}eU 
So] Juosueys anbistyd UOISIAIP B] Op SINdIUgsUI Sa] ‘UoIDUOf{suDA] 
OP NO adIIDAJXA DISIN][VJQW LI IP UOISIAIP eT B JUoUUTVIedde STI 
‘so]qesi[in gyyenb oun 39 sWIOFJ 9UN Snos IeIOUIUT UN,p o[1N oNIed 
RB] Joius0U0. 9p jnoyINs jUsdNd90;S s]I.§ “syTenb eI 19 OWIIOJ v] 


CC 


JOYIPOU Ud ¥B 39 SOIIIJEU S9D JOIJUIOUOD ¥ NO ‘so[I}]N SJUSUIIT9 SINZ] Op 
19 sonbyyjejour xnviguiut sop sojoiidoid soy JoyoIOYyoeI eB sgUT\sop 
ase]]NO one no souTYyoeU ‘sloredde sop JUsWOUUOTOUOJ J 40 
UOTJONIJSUOD VI JUISLIIP 19 JUSATOSUOD SO}SISIN][VI9UI SINSIUQSUI So] 


‘oyyenb ey] Jo1oljgue usa nod xnvej9uUI sop 
JUDUIO}IEI} B[ NO UOSILUIQUIOD Fv] ‘JUDUOSSID 9] S‘sonbruyoo} 490 
sonbiskyd soj91Ido1id sinoy op ‘UOTINITsUOd Jo SINJONIYS INIT 
op ‘saseiye jo XNv1IUI Sop ‘SIRIOUIW Sop ‘SUIBIIO] Sap 9pNnig,T ‘p 


“OLIJSNPUL | B S9[IJN SOWIOJ 
Sop SULP SOSRIT[e JO XNLIQU Sop Sv[NOU JJ 19 UOTVOLIQR] VT] 


‘QLIJSNPUL | 9p SUIOSAq xNv SoseIT]e 19 XNVIJOW Sop UOTJeJdepe.T °Z 


‘xne}9U Sop 
ISCUIYEI 9] 19 JUSWOIeI] 9] “UOTeIJUDOUOD e] “UOTORINXS,T “| 


:$1N9}99S o1}eNb Us AsSIAIP 9S 9JS1SiNj]VJ9WU ANaIUasUl | Ip SUIeWIOP IT 


ANO :910Ud ‘s41oulMip] 
Say supp aspvssod uos juvav affnnys sjind aj supp josuy un.p asvf 
-{noyIad a] Juappjiaaans anbisdyd aisanjjojau ua Sanaiuasul sad 


ANOIDUYNTIVIIWN AINAD AT 


K 
*4Ul UNRe4s ay; Jo KBious 
3s Fi4j 32 -jeusoy, Pei, j 
CHUPAUOD B UlsSop 11 se 48 
G48 84] S2Alip weajs si, Pp 
6249 oyj Ytym ut sedueyoys jeay am 
A@AUO? $1 4E3y ay) ‘jeay jo Sous 
"248 SasPajas | YOLIVIy) eu. 
14! (NDINVAN) [994 241 jo vouesd 
Pp eyy yueyd st1j>a;0 feuisoys Aue ur se 
ey] Si uoeiauad samod yo aydiouiid ayy 
Big Buyessuag 314j53)7 1e2;90y © uy 


\ 


ES PRG Se G 
fOPEEE Bch 


OJUOAOT “OD P AU “VP 142q]1D :010Ud “Sanaiuasul xXnD Saiue]qosd Xnasquiou 
ap asod sanbifiovd suf sap v adipgjanu aissaua.] ap uo1jpsiji4n JT 


"SQOUSIOS BP SINOD a] suBp onb 
onbisXyd ev] ep jo sonbyewayyew sop sonbiyeid syoodse soy ins snyd 
QISISUI UO ‘aIU9S Op SINOd 9] JURING ‘oInd onbisXkyd ey sp suleWOp 2] 
suep saousros ua gsiyelogds owgydip un yWesyo my onb s9gy]Iqrssod 
So] JOUTUIeXS jRIADp ‘sjofqo Sop UOMPOLIQey] e] B SUIOW 9SS919}UT;S 
nb srew ‘sonbynewusyyeul soy 39 onbisAyd ey owe inb yuerpnys,T 

‘o1ugs np 
suIeWOp 2] suep onbryeid sipio.p no oyeNsqe syosoyoo1 ey mod 
suoroiskyd sinsiugsul sop yUsTo;dule oLNSNpuUr.] op 30 SJUSWINUIOANOS 
Sop SoIlO}elOgeR] SIOAIC, ‘Sonbruyse} sei] sopoyysul sop B smModsol 
3] JUS3Ixo nb s}inpold op seo 9] suep ‘UoTjONpold sp jo aJJaANOD9gp 
op ]leaei} of mod susorsXkyd sInogsul sop uUlossq ® dII}SNpurl’T 
‘QInjeu eI Op sougWIOUDYd soy osejJURARP sI}JJeUUOD op SWOT] 
e Juo}joul1ed Inb sayojayool say Jonyooye Inod soiressso9gu aseT[NNO | 
JO SOUTYOeUI Soy JO}JUDAUT D9AIOp UONb ynod os I] ‘a][aANoU 93N0} 
uodsvy oUN.p Japioge ynvj [I.nb saursjqoid sep s1o09ue no ‘sgio[dxaur 
SOUIVULOP SOP NO SUOTJdINU0D SaTJOANOU OP JUSANOS JUIIPN}I9 ST] “SUTU 
-19j9p swg{qoId uN Jo[soI Op ONA UO [eIUI [leaves] Ne NO so[e}USW 
-EPUO} SoyoJOYooI Sop B IIICUIPIO.P JUIIOVSUOD 9S SINSTIUQSUT Sa_ 


‘onbiskydogs vy] 39 onbryneuolge | ‘onbrysnoov | 
‘onbndo, ‘sapmnyy sep sgsieiogds opny9.y, ‘oiregjonu no onbruroye 
onbishyd vy] issne pusiduioo mb 90 ‘uarorsAyd MoUgsUL] 9p JeIpguUUUT 
QUIVUIOP Np JUOS IIII}VU BI Op Jo UOS Np ‘IMoTeYO ev] 9p ‘sJUPWITe Sap 
*911011}99]9,] Op ‘orgTUUIN] eT op soyorIdold say jo OINJeU LT “SoT[oINJeU 
ssousIos soine.p suep soiZoid ne soalressoo9u jUOS ‘INdIUQSUT,| 
ap ple] & 9ORIS ‘soUTYORUI So] 19 Sapgo0id say sndu0d soy oun ‘mb 
sonbiskyd soJJoANOosp Sop SHV] IP ‘SIOIAIOS 19 SUSI SOP IJOIOI[QWIe,P 
no IMANOOIp op juo}ouUIed onbiskyd vy op sopjolsnpur suoryes 
-1]ddv sa] ‘sayin ssoURSsIBUTOD $99 39 dIIO9Y} 93390 JUapUSI Nb sgpgo 
-O1d 19 SoUTyDeUT Say WOSUOD ‘sag;NUIIOJ 19 sasmnboe wv uUdsToIsKkyd JT 
aonb soourssieuuod xne ja a1109Y} BP] @ 90RIS ‘UaI2Isdyd snaiuasul J 


AN OISKHd FINID AT 


0c 


"S1QIQIUI SINZ] D9AB JIOddeI UD SOIQIJSOIOJ SIDUDIOS OP SINOd UN 
BIO JUssistoyo s]i,nb 9}Is1oatuN | onb JoInsse,s Issne jUSICIASP ST] 
‘INSIUQSUI,P NO 9OUIIOS 9p SWIWOY,P S1QIIILD 9UN_P INA Ud SaIQI}SII0J 
SQOUDIOS OP SINOD UN IISIOYS op JURA ‘ZE_ a3ed VY B SaQUINSOI ‘SgdoNS NB 
Solressso9u soyyenb sap o3dwio0o jueus} uo xnediourid sjg19}uI sinoy 
JQUIWILX9,P UIIQ JUAIeJay SJURIPN}9 Saf fo}0U sot} sInof{no} sed 4sa,u 
SSIQISOIOJ SODUSIOS SIT JO JOIJSOIOJ a1UgS 9] dIJUD UOT|OUNSIP eT 
‘epeueg np sion 
-So10J dIIISNPUL] SUBP INIIUIZUT.]| 9p InjNJ 9[OI 9] dIpud}9 vA sonbyn 
-UdIDS UOTVSI]NN] & 19 UOMPAIOSUOD RI B “UOT}SOS BT B BpIODOe UC.Nb 
onisoe souRryodut] “linul e@ 9[99Is un enbsnf pusid mb 930091 
oun.p 9}InuUoOS ev] Joinsse Be aigtueU op odnoo op swuweigold 
UN II]Ge19,P S9SIVYS JUOS Jo SIOISOIOJ SOUIBWIOP Op SoJIeJUDAUT Sop 
jo SoJIvd sop JassoIp B sdwis} sp dnoonveq jUassed sionsoroj sinoru 
-98UI SOT “SQYIVU xn S}QIOJ Sop sIog np WodsuvI} ne 4d aIjIOS FT 
‘adnoo ve] & SJIejo1 sowlgzqoid soijne,p sIquiouU UOg UN dsIpNoOssl 49 
sjuod sop jo soseiieqg Sop o1INJ}sUuOd ‘say[Iq sop ysodsuers ne nea.p 
SINOd Soy Jajdepe ‘JQIOJ UD SdNOI Sap d1MI}SUOS InNod 9193 Ud sa0URS 
-SIBUUOD Sop jNeJ INI [[ ‘Slog np adnood x Ip 49 s}QIOJ Sop UOTIVA 
-I9SuU0d PB] Op JUoUaTedioULId yUadNd90;s Sualjsasof Sanaiuasul So'T 
‘pueyoleu stoq np jusuUdT} 
-U09 QO ‘d 09 op seid yUOp ‘soured SaT{IW OQOO‘OOL‘I ep snd op 3sa 
S}QIOJ SOU Op J]v}10} 1OyYIJodns eT] ‘oeUOTJeU sTUIOUOD9,| sup Jor} 
-uasso sJO1 uN yUOnOfl epeURD NP d19!}SOIOJ OLIJSNPUT,] 19 SJQIOJ Sa] 


YAILSAY OA FYINAD AT 


“sjouUOIssojoid 
SINIIUISUI ITUDADP op sjofoid sino] ve UdIq JUSpUOdsesIOD UOTNINsSUI 
91199 & SWaYo sInood soy onb 9ISIOAIUN | Op JelIe}QI00s np soidne 
JoIMsse.s op UdIq JUDIvIOJ sjuvIIdse say] ‘ajoolIse studs Ud jeOINe] 
-Bo0eq NB NO J[ODIISe DIUQS UD UOTIeSITLIOIdS SOA S9DUDIOS UD JEQINL] 
-pooeqg Np uo0l}U9}q0,] B IoUDW ynod aI]JO Jo DINJNOTISe.p 9}[NoRJ ouN 
SUPP JUIWIIIVUIPIO JIOINbSe | UG ‘SIVA SITVYSIOAIUN UOTEWIOJ VT 
‘Q]OOLISe SLIYSNpPUI_] JWSAIJOSsop Inb no safoose sypold soy 
suep JuastyeIogds os Inb sagAtid solisnpul soy suep no ‘uOoTyesTes[NA 
op 19 JUNWINUSIOSUD,p ‘aYydIOYIeI op yuodnd90;s soyJo no ‘xneyUSW 
-QUIDANOS SIOIAIIS SI] 39 SPPSIOATUN SI] SUP JUOTIVARI] UNS Np sIdO] 
-OUYI9} BP 39 SADUDIOS ap s[quIssUd 390 JURpgssod souUOsSIEd so] 
"O}9 ‘aTBINI WOTROYIIIOI]9,] ‘SoI9} sop uo 
-BIQUIBII VI 19 DBLUILIP J] ‘JUSWIIYOIIJOp IJ ‘S[OS Sop UOTJVAIOSUOD PF] 
UONCSIIIT | ‘OWIdJ op sUsWUTVeG Soy ‘oPOoIse sLIoUTYORUI eT :sjofns 
sInoisnjd no un sms J9}J0d ynod [reAvs} UOS ‘onbruyse} UOTBUIIOJ es 
JUBAING “[IAIO NO onbrjo9]9 ‘onbruryo ‘onbruvogw stugs np syouersq 
onbjanb suep uoneulloy oun & sofOdLIse sooUSIOS Sop soURSSIvU 
-U0d PI Ne |] °afoo1usp Anaiuasuiy :o\steiogds op odA} nevoanou un 
9U }So dININOIBe |] B sIUNs Np s1soy;ouYda} eT sp UOTeodde| oq 


ATOOIMDV FAINID AT 


pany ifvsr4p o4dp :0VOYd *4naiUasul | 
D Sdnajjawuoid Ja XNDaANOU SUOZIAOY Sap ad4ANO ajoIJodS a1e/T 


‘onbisAyd a1uas op Sinoo og] D9Av UOTRIOI US onbIyNeU 
-o1jse-onbijneuolge o1u9s Ud ‘sInalIodns sapeis sop jo yeoINe[eooRq 
np xnvoAlu xne ‘sINOd sop dO OJWOIOTL 9p 9}ISIOATUG,.T ‘30!ns 
90 INS SJI}VINIVJ SINOD SOP JUDIYO [IHS SUSIOAIUL] J 39 [ACT IIS 
-IdAIU() J ‘onbruuryig-s1IqWiojo; ve] op 9UISIOAIUL.) TJ ‘onbrwueuApoise 
uo uoresteioods vy ins onb sdwo} owew ua onbiskyd stugs 9] 49 
MMbIULdISU SUIS J] INS JUSUIOS IL] OPUOJ os UIOPOW onbINeUOIIL TJ 


‘ISSNoI UdIQ SOI} xnop 
sno} uo nb ‘ayJonoyY oNTJOIVs Np 10 JuDug Yyouojg opninye sney 
OP SOIOYOOI op s9snj LI Ip UOTeIIO ve] OoAv DdvdSO,] Op dISOTOUYSI} 
e] B NpUd9 3s0,s onbyneuoIse Ud [IPARI] OT “IOUS OpUOW J] sup 
NUUODII 1S9 BPLURZ JI ‘SaguUY Sap SINOd Ne UOTIONpod vs Jed Ja sINdTU 
-98uI,p sodinb9 sas ap oqjenb ajney vy Jed ‘suolAe.p jUSTIOUIe.p 49 
sojuodieyo op ‘uoTjOVOI B SINd}OW sp UONONpold eT 39 UOT}da90U05 
eR] Jed “€O6l US 99TOAUS sIDTWIOId INS] 3U9}U9} YSUAA SOIIIF Soy 
onb ow JURAL “YOIMSUNIG-neoANON ne Tnquiny “yA “Wyn 
-suoo weave nb onbrueudpoloe Jouun} 3] suep souow onbrueuApoise 
Ud DYdIOYOoI eI 939 B SATILTIIUI OpuvIS oIotWIOId eT ‘soedsay op 
SISOTOUYIE] VI op 10 onbiynvUOoIIe,] 9p oUIeWIOpP J] SURp 9}URJOdUIT 
uOolINqijuo0S oun 9310dde e epeueD ag onb o1Ip ynod uo ‘asnoIq 
-wou nod JUOWOATeIOI UOTWeIndod evs op ajdwio0d jUaT} UO] IS 


“‘xneijeds sansty9a op 3e Soq]jayes op ‘sogsnj op ‘sopimns 
-9[9] SOTISSTU op ‘JUSWIUIDN9I “Jo SUOIAR,P UOTJONIWSUOD PI 39 Tessa] 
‘uIssop 9] SUep JUasI{eIOods os onbijneUOoIIe,]| op SInoIUgsUI soT 


ANOILAVNOUNIV FINID AT 


JoAvog ‘g Jed HNO :010Ug 


"yn1q 
goed np osevuyjel op jo yUOW 
-9SSBID Op SopoyjoW say] jo onbiu 
-B310 STWIYS BP] pusrduros Inb ‘anb 
-IWIYS o1UgS op JdI[NS91 sInod 93] 
SIAINS VIAIP DYIUPI 93199 B ASS919} 
-UL,S onDUODIN? ‘sapo.jed sap qUsU 
-9}181] ne onbrurys atugs np uon 
-eorjdde J iso aspoujod np osvuyyel 
9] ‘osvUyye! op sonbruyse} say je 
gjo.ned np uo0e.yx9,p sanbruyse} 
SJ OUD JONSUNSIP Jnej [I “IOI;o.N 
-9d o1u9s np ourewop 9] sueq 


‘oinjnj uoToOnpold vy JoyUOWT[e Inod zes op 
19 QJoljod Op SdarosoI sap UOT}BUITSS,| :UOTeSITeIOOdS oUN 9J10d W095 
Joyoied sugs a] ‘zes ap 1a sjood op s}UudUIOSIS sop UOT}eWT}Sa 
‘gyeigues uodsejy op ‘Ja yodsuvs op jo osvulseseUUo.p susfow 
sop uononmsuod ja uondaosuos ‘sjind sop souviaAmns ‘osedurod 
‘sjind sap jusuraAgyoried ‘sajj0189 sap UudUIeXd ‘advIOJ Op s9pgd01d: 
}9 oseT]INO ‘s}ind sap jusatudoedsa ‘dureyo np UO IUI[Ep ‘SUOTS 
-S90U0D 19 SAAIBSOI ‘UOT]RIO]AXSa,.p sapoyjau :ofoljod np omUOdUNL 
eR] & 11) & IND 90 yno} Op Jadno900;s op sajoujad Sap sénalugsul JT 


‘OJUDIOYIP JUIWITQISUdS UON 
-BUIOJ 9UN 98Ix9 INb 91T]eID9ds 9UN NUdDADP }sS9d [I SIBUL SIOTUTLU OTUgS 
np im9jo9s uN jsa Jalyoijad os1ugd oT ‘epeuRD np jsong,| ep Sol] 
-O1]9d SJUDUIDSIZ SOYSII Sop UOT} L}IO[AXI, | 19 BOANODEP BI “AaYOJOYIo1 
ey] 919 & For.nbsnf ojuvjiodul snyjd ve] 9}IAIOB, J “sIWIOUODY aijOU ANS 
suolssnojiade1 sajuvjiodur,p no ve inb aqenbiewes uorsuedxs oun 
suid @ ajojed np suusIpeuro aiijsnpul,] ‘soguue sonbjonb sindoq 


YAITOUNLAd AINAD TI 


SONDIUYIIT, SPAIJOY Sop 39 SOUTJAY SOP o1O}SIUIW OT :0}0Ug 


‘OOLIJOW IISIOUI,P 39 NLI,P je} Ud SOUTIQIUOdSIp Soy 19 Sg00".p 
so}qIqissod soy ‘ayduloxe sed ‘sjUSUUIIT9 SoljNe,p JOUTWIeXS 39 [eIOIOUI 
-W09 uvjd a Ins 9}10[]dx9 9439 Inod Ins]eA op zasse eB JUSWIOSIS UN 
IS INPIO9P JUSAIOP SINIIUISUI Sdd ‘S}JUDWIOSIS Sop opnj9] & 19 ILOA 
-nooep ev] eB ‘aovyd Ins uoTel1o;dxo | B ye) & [L.nbsmd ‘roruru 193 
NY JUSUWII}I0I}9 DYOVYVI 9S Sansojoas Sanaiuasul Sop [eae] IT 


‘JQIOJ OUIOTd US duivo un,p juswsORduUIS J 
INS SUOT}e][VISUI SoIINe 19 SOXOUUOD sSadIAJos op onb sure ‘oITUTW 
QIATDII[OO 9}ULJIOAUI Zosse oUN,p JUSUASSI[Ge}9,] B 39 UOTJESIUSIO | 
B IIOA 0139-jnod vIpNey Ing] |] ‘astidosjUS INI] ap 9jINpUOd s][dUIIs PB] 
onb sajseva snjd dnoonesaq soyyiqesuodsal ap s0vJ Ud JUDANOS JUSIOA 
9S UOTDOJIP op saysod sap jyuodnd00 nb sourU sop sINstUgSUT So] 


“sjouun} 
sop juowsoied of 40 SUOTBAvOXS soz ‘oydwioxo ied ‘uOTjONI}sUOD 
R] Op IAjsnpul] op syoodse surezi90 ap 1adnd900,.s Inod onjnoa 90u9} 
-9dWI09 PT 93NO} JURAR SUILUOD SOUTU Sop INSIUSSUI] IIPIsuOD UC 
“SOUILU XN SOATILIOI SIO] Sop UoTyeodde | sourul sop sIMdIUQSUI sop B 
JUSYUWOS S]I 19 UOT}OLI}XO.P SOPOY}IW Sd] 39 XNVIQUIW So] Ins sayoIOYyo 
-O1 SOP JUOJ 3}4,] OP SOOIAIOS So] “OIMUIU UOTIOVIZXO | B SOUTJSOp 
SINd}JOU 39 SoUTYyOeUI sap ‘aseTTNO,. op yuonbriqey mb sastidanue 
sop suep ]Ieael} np o3j9-jnod BIDANOI}] SOUIUI Sop IMOIUgsUI,T 


“SOUIU SOP INOIUISUI.p opeis 
3] JUO saysod sao yuadno00 Inb xnao op yiednyd ey onbsind ‘saju9} 
-9dwi09 souuosiod say Inod souuo0g jos oRISsngI ap sodatjoadsiod soy 
‘QIQIUIW SLIJSNPUL | Sp spuvUTUIOD ap soysod xnv JUSWITTOINIeU sIIdse 
SOUIW Sop INSIUgSUI,T ‘UOTOIIIP op sajysod soy yuoWopidel sIpuloy 


91 


“SdaluqUs Sjojduq “pl etydersouoy] ‘VAVNVO NV SNOILVdND90 MOA, 


-J8,p o1}j0uWJed In] JWoreIAsp sonbyeid yo sonbri0gy} ssouessreuuos 
Sos SIVU ;:INoUUOT[HURYOS No sydeiso9s ImoTUgsUI sUWIUIOD ‘oUTU 
BT & “oyfayo9,, op seq nev Is0UDWTUIOD jUOWe[qeqoid viAOp sourTU 
Sop INsMgsUL,T ‘ou ev SUep osmboe [IeAvI] Np soUKSsIeUUOD zy] 
Jaoe[duiei yned su snbii09y} UONeUIOJ oUNONY “oISTUTUE WOTIOe.INX9 J 
@ OIA INof 91JOVSUOS JUO SOUTU Sap INOIUISUT] JOSIP yop aonb xno 
op wednid vy jo ‘oIQIUIW SLNSNpUI., suep sosusdgp sop yueiiodurt 
snjd of 93S0d 9] simofno} js9 sIAND,p-Uleul RI 9p 30d J] “UepUsdoD 
‘oxo[dulo0d 349 agstuvogu snjd uo snjd op si9gTuTU UOTOeI}XO | dIPUdI B 
9SI[QO JUUISITESS9O9U B [SII9}CU [IeAeI] INP I] dIINP9I1 op jo 91LINONS 
Bl & 30 QOKOIa] eB yUeNb JoOUSIINDUOD Op 9}ISSOD9U BT ‘SO}ISIOATUN 
sop sguig[dip xne sovjd Ins sgutIOJ sowwoY soy jUoTeIOJoId sourur 
op sjueyordxs soy ‘ojU9091 JUOWIOANeIoI onbods oun e.nbsne 


"SO[RIQUILU SOOINOSSSI Sop ONA Op juIOd ne s910]dxa 939 & BpeURD Np 
sooedso SojSvA Sop JuoUToTNes orJed oyN0d oun ‘Juepuddad ‘souTUL 
SOTJOANOU Op Jo}OTdxe BY sDUDWIWIOD UO ‘aguUe onbeyYod ‘Ja s}UOWASIS 
XNBOANOU Op JUSWIUIVJSUOD DIANODSp UO fo[eID9UIU UOTJONpoId vs 
g]di13 onb snjd ev epeurs J ‘gc6l & Lv6l 9 “UlOsoq B® [I yUOp shed 
sone sop syinpoid sajdnjnw say oUOD xNeIPUOU sgYoIeW soy IMs 
Jasuvyo9 ynod sked oy onb sagsJUap op 19 SoJOT}eU Op SOAIOSOI onb jue} 
Ud SOJULJIOAGUIT So} Issne JUOS sa]jo srewW “‘UOTVOLIQey op 1o UOT}eUL 
-JOJSULI] SP SOUISN SOU JUDJUDWIITS JUSWIO[NIS WOU SdSIOAIP Jo soJUep 
-UOGe Sd[VIQUIL SIDINOSSOI SON[ “SOTOOLISE 19 SOIOIJSOIOJ Soljsnpul 
sop oyja0 red onb o9gssedop jsa,u uoljonpold eI op Ino[vVA ve] JOP 
<epeuryd Np SOAR xnedrouLid sop UN] JUOS SOTBIOUIW SOOINOSSOI SOT 


‘(UONRSICUIITD Op ss8eT]INO | 19 SOLOW SOURSsINd Op s}UOUIITS 
So] NO Jaz1OdsuvI} B J9 JasnoIO B SaUTYyORUT Soy ‘opduoxe Jed) sI9TUTW 
UONSCI}X9,| Op SOUIBUIOP SUTe}INN SUBp NO (sonbIT[e}9UI UOU xneIZUIW 
So]) sIeJouIU op oiJues Un suep ‘(oT]IMoY ve ‘oydwoxo Jed) resourUI 
un suvp osijeloods os sour sop Inougsurl unnb ose sed 4s0.U [J 


(19IAvIS oT ‘ojduioxe Jed) UOTONIYsUOS Op xNeLI9Ie/| 
(a]0139d ay ‘ajduroxo sed) sofqusnquiog 
(oyuvIue | ‘oyduioxe ied) sonbryej9w UON 
(ay a] ‘oyduroxe red) sonbiyy[e19/I 
solgryeu Ud JUSWOTedIOULId UASIAIP OS SJOTUIW syINpoId so] 


‘gyorew ne nbsnf our ey stndap yuouuojsyo9,s nb xneAed} 
so] ‘UU ‘9 TeIOUTUT Np syUdUA}IeI] sioTWoId soljne 30 93eAOIq 9] 
‘QUIVIIOINOS NO JJDANO [OID B UOTOLI}XI,] OP IOURT[IOAINS BI ‘SIN9}j}9W 
-O1d sJUSWIASIS Sop INIJVA Ud SIU LI ‘SNUUODUT SoJIO}LII9} Sap UOT} 
-viojdxo | pusidwio0s uoroe.p duivyo o}SseA UOSs “epeueD NY ‘d119} UT] 
9p ieI1x9 UO.Nb soyyn syUdUIZTD SsoIjNe,p 39 [oIN}eU Zed op jo sJoONEd 
op ‘xneiguIu op uoNonpoid ey op odno00/s saul sap anaiugsul J 


YAININ FINID AT 


yee sed JNO :0104d 


“sIWUTYS Us onbYyNUSIOS INsYyoIOYyO UN IUSdANp 
B Jasuos JO NI WeIAOp [I ‘UoNONpold ey v sydIJOYOII VI 39 UOTeJUSU 
-119d x9] d19J9Id [I,.S ‘onbruryo o1ugs so] Inod J9jdo,p jueae s1u9s ne 
JOUUOPL,S INIA [I,Nb Ins 9139 WOP SIWIYS L] SISA 94USIIO JURIPNIO, TJ 


‘SoUp yUoUIDIdoId sonbiwi1yd solysnpul say suep onb 
usiq Issne ‘asnoio9gid jso oTu9S Np jo SIWIYS ve] op soURSsTeUUOD PT] 
a]jonbe] suep no sfQ1 un onof sIWITY ve] NO UOTeWIOJsuURI] Op OLSsNpul 
9]n0} suUepP JaT[IeAely eB gfodde jso aXSTWIYD INoIUSsUI,T ‘opueulop 
Ud SJ} JUOS Sd}SIWUIYD simoUgsUI soy ‘orWIYyD ev] op suoreodde 
so[dyjnw soy guUOp jue} “UOT|ONI}SUOD Op xNeLI9}eU Sop jo sony 
-uiod sap ‘sanbnnaoevurieyd syinpoid sop ‘sjuaurlye sap yUsuIOUUONIp 
-uoo np ‘sonbeyd-o13u00 sap ‘sanbyseyid sojaryew sap ‘sonbijoyjUAs 
SO]I}XO} Sop OUIeWIOp Z| SULp opIdel Josso UN pudid OIWITYD BT ‘epeued 
NY “sIWIYS vl] op pusdop SUIQUI 90U9}SIX9 INI] Sed Sop UdIQq sup jo 
JUOS S]I.Nb 90 JUSWIIeIA JUDIBIOS SOOIAIOS Op jo SUdIQ op nod ‘aruITYyO 
RB] SUBS “JOSIOAIUN 489 o]TJONIOV SIUIOUODD | B aIWITYO eT op yodde,T 
‘onbiurys ores np oulewiop af juoWAa}}0U INqeri9 jnod ou UC 


‘sjinpoid sop 
onbiuirys sanoid9 J o1ej op jo SaTJIANOU JUSWIIT}UN NO sagIOT[OWIe 
soouvysqns sop siInpoid e& UOSeyJ op sIN}eU FL] Op SJUSUIZT? Soy] JUS 
-o1jne Josodsip op jua}j0uLI0d nb sproredde.p jo souisn.p yuswoUUOT} 
-OUOJ JJ 30 UONDOIIP eT ‘UOTONIsUOD eT ‘UONde0U0D eI pUdIduIOD 
[IVAVI} OD “JUSIADI Op xd JIQIey B JO DOVOLFO ‘OAISSPU dTVIOIOWIUIOD 
wononpoid oun & oJSIWIIYS Np sI10zye1OQP] Op [Ieavl} np uonejidepe | 
SWOdWI0D UOTOUCJ 93395 ‘aIINpoid agIUap eI 19 DOUDIOS BI oI]Ud 
o1sIxo IND USI] a] UdIQ OIYSNI]I azsiYyo snaiuasul | 9p UOOUOJ eT 


ANOINIHD FINFD AT 


vl 


‘sopnj9,p suIUIeIs 
-O1ld nv OSIW BJ] OJUOIOL op 9}ISIOAIUA) | onb yUsWIUII091 aonb js9,U 
99 19 BpRULD NL 9}UDD9I JUSWOATILIOI JSo OUTRUIOp 90 suep uON 
-PULIOJ BT ‘anbIUYd9} 49 O[[OLISNpUT asATeUL,] SUBP JNOZINS ‘(97 a3ed 
JIOA) UoNONpold ve] suep yUasITeIOods as syalajsnpul SAnaluasUl Sa} 


‘uoljonpold ev] op suy xne sioljoye sop gtidoidde 
JUSWINSeUSWIe | B IIOAINOd op UY ‘s[MMo-souTYyoeU op soiues sjUOI 
-I]JIP Sd] dIJVUUOD IOP INDIUQSUL] ‘pie NO iO], ‘olUss Np soureuOp 
SoIINV SOT SMO} S9AV 9}I0I}9 UOTe[aI Ud simofno} jso UdIOTUROSW 
IMIUISUL] op jreaes) of ‘onbisinjyjejour no onbrumyo ‘enbry090]9 
uoTjONpoOId op assiIsV,S [INO “sulsn.] B SoIyNe sop [IeAvI} oy IOAgId 
J2 IOSLIIP B UO SII “JUSANOY “OSVUISIOA INB_T SUBP NO SdI]UID spuPIs 
So] SuBp JUSUZTeINUNS JUSTIQeY SI ‘so[eIjUD sop UdT}OI]UI] ap 3d 
JUSWMISUTONOUOJ Np jUddNd90;S NO UOTVdLIQe] Ip SdLIsNpuUI soy suBp 
JNOJINS JUI][IVAvI] SUdIOIURIIW SInoIUOsUI soy onb guUOp jueIq 


“SUSIOIUBIOU SINIIUDSUI,p UIOSAq 
3] puvis snjd us snjd sp puol os1JonH spueiIy spuodses vy sindap 
souIeWOp SoIINe,p sUeP 19 SOUTYSPUT Sop UOT}VOTIQey eI ‘xne}OU 
Sop UOT]VWIOJsueI] LI SUBP SPINO]T sIIYsnpur o1j0U op uUOIsUedxa,T 
"SOOTAIOS S90 JUDWIVIDII VPLURD NP SUOIZ9I Sd] $9jN0} OP SOLISNpuUr,p 
sIquiou pues UN Is stidins 9139 B sed & A.U [I,.nb o1U983 Op xnvAPI} So] 
SNO} OP SOINOS LI B SITVSSIO9U JUDIWISTJ[OSIIATIUN IS JUOS SIDIAIOS SIND] 
j2 SOUIRUIOp ap jUe} Op yUddNd90,S SUDIOIUROOU SINDIUQSUI soy] 


“UOT VSI}VUTD 
[U01jD]1JUIA BD] Ja aso{{nvys aT 

"SOITABU 39 SUOTAR ‘SOATJOUIODOT “SoyIqowoyNe ‘sToII} 

-SNnpUI SsInoj ‘sploredde soijne jo sindjze[MUIA ‘s{I{NO-soUTye|| 
/a1840Ua J ap juvsijijn sjiaspddp ja sanajowul SaT 

“IMmapeyo ev] s1}OWIsUeI} 

B jUvAIOS s[loredde jo SUOISsIUIsURI] ‘sodvUdISUO ‘sINdAOAUOD 
SUO1lJUAINUDUL ap Ja a1B1aUA Pp UOISSIWSUDA] ap Spladvddv saT 

‘Ze3 & SOUIqIN} no sonbineipAY soutqsin} 19 sIno}OUIOIZe 


‘QOLIJOUIJIVU oIdI9U9,, Ied sgUUOTIOe SINo}OU ‘aUID}UI UOT]sNqG 
-WI09 B SINI}JOU SINE jo [BSAIP sInajour ‘modea B SINd}O[[ 


SI1BAIUA ,P SAI1AJDAQUAS SAT 


:SUOISIAIP ayenb pusiduros onbruvogw s1u93 oT 


‘QISI9U9 | JosI{N no Jaz1odsuey ‘oimpoid eB yUdAIEs IND sjloredde jo 


SOUIYORUL SOP JUSTUMOUTOTIOUOJ J] 39 DUDA VI ‘UOTVOLIQKS VI JOT[IOAINS 
19 ITOADOUOD B ajSISUOD SUaIIIUDIAaWU SAnaluasUl Sap gyTeIO9ds v’T 


ANOINVOIW FINAD AT 


el 


“SUSIOIIJOI[9 SINSIUISUI SOP SOOIAIOS Sd] JUDTIS 
-S909U XNBISJI $90 SP JUSUIOUUOTOUOJ 9] Jo UOTJda0U0d ev] onb saljoy 
yUOS ‘d}So1 dT 30 “SOUIW sop ‘sofIqowoyne.p jo sonbrurys syinpoid 
ap sonbriqey sop ‘my,pinofne,p soinje[y sop jo soLigioe sop ‘soria} 
-aded sap sonbiij09]9 xnvosol Sop 9}Ixo[duIos Fv] 49 S9STIIN s1SIOU9,p 
gnuenb ey] ‘s[aLjsNpUI sinojoos sorjNe,p oIqWIOU sUep SadIAIOS 
sing] Issne yoInbol UO ‘SUDdIOIIIDII9 SINOIUQSUI.pP sIquIOU puUvIs uN 
juowi9insse yusrojduisa sonb1i13}99]9 sploredde.p syuvo1iqey soy Is ourgur 
449 ogssnod soi} jsd OUUdIPeUeS SOLI}SNPUL] op UOTeOII}0I]9, TJ 
‘sagjyofoid yUOs soryne.p 19 ‘OLIejJUO Ud ‘9}101) 
-9]9,p onbruroye spesus9 oun 9seUSWIe & UGC ‘osIeYO op soijUNO xne 
g1g10u9 | JousWIe nod UOISUd} sINvY B UOISSIWISULI] Op sous] sop 
JOSeUIUIT INVJ [I.Nb sIeUIPIO .p IYIUSIS vII_D ‘a9gsT{IIN snyd ey dnoonvaq 
op 3so onbiyneipAy sIsI0UD,| STeU ‘9}1011]00[9,| Op oIMpoid eB sno}4 
JUDAIOS JOSIP SIND}JOW Soy NO Inodva eI ap no onbiynespAy s1319u9,] op 
UdsAOU NV SNUI SINDJOUL SUT “9}1OLIIOI[9 US SUdIOTUYDS} xnoIquIOU op 
SOOIAIOS SOT OSTXD JUSULOUUOTIOUOJ dT JOP ‘9}OLIIONTO,p saolonpoid 
sostiderjus sojuvyodul,p siquiou pueIs un epeuesy ne Be A I] 


I144Ia]q JvAaUaH UvIpDUDD :010Ug 

"a801111NO,] ap uO1JD]]DISu1.] D NO uo1joI1AGo{ DB] B ‘uo1jdad 
-U02 DI DB Aapa2d0sd ap JUubAD SajAvIa Saua]qgodd Sa] ja Saaipnja 
adjg juadnad jiasvddp jad Jado jsoddpvi ua Ssaajnuiis sajjaad 
SUONIPUOD SAT °U01JIDAJXAa pp Jlasoddv un ANS aduaisadxa aun aslo 
Anod algojouv b anbiuodjoaja aulyaou aun asodsip Anaiuasul UZ) 


< 80% 5% 608 > 
‘ee ©) 


Cl 


"S9IANO s}inpoid sap 9 sonbiuo.s9a]9 saoaid sap 
MOHLSIIN] JWosstolooe Inb soJJoANODgp Sop sUIeUIOP 90 sup jIe] 
uo] ‘slour onbeyo ‘ja age] & NO OLNSNpuUl.] & ‘soIOWIUIOD Ne sou 
-IWsop no J9X0j af JoyWoUIgIse B SgUI\sop sjioredde.p sorued sa] snoj 
‘epeues ne ‘uesmpoid sanbru0s}99]9 sostidasjus Judo op snyjd ‘tny,p 
-mofny ‘sked soijne,p sdUsIINOUOD 9}10J V] JIZ[TeU ‘o1JONS vy] soide 
NUSJUIeU 4S9,8 epeueD Np osnbiuUo0I}00[9 sLNsNpUI] op oOssa,T 


‘soot Segue xne sguIjsop sonbruosoo]9 sploredde sap uonvoqey 
BI 19 SOVIZANODZP so] suep URId JoIWIOId op 9[Q1 UN Jonof op oinsou 
Ud JIe}9 VpLULD JI ‘OJIONH 9pueIH spUOdas PI 991RJO9P }S9,s onbsIo J 
‘epeuers ne sonbiiqey yUsIe}9 sudIpeUR. OIpeI ap simajdao91 sajsod 
Sop OOT “d Og op snid ‘7¢6] SISA ‘39 OLIISNPUT 93390 & JUDIVIAT] 9S 
sojuvyIOduI s9}91I90s simaisnyd ‘E76, U_ ‘oIENH spueiH ood 
RB] Soide JUSWIO}eIPQUIUI ‘OIpel ap sinojda091 sajysod ap uononpoid 
el & OJUOWOI epeueD ne sonbruoljoa]9 soogid op UoNvoLiqey eT 


‘sous Sno} op syloredde 
xnoIquUIOU 9p 4o UOTeOLIQey op suotjeisdo sop sonbruomosyje 
suoisjnduit ied opuewuios vy 49 UONesITeUsIS Py] ‘jINOIIO Ud 
ost ve] ‘odvINSOW oT] IOI pusIduI0d UG ‘sUOI{NI]9,p g]s91 JULI 
-noo un yuINoOJ Inb 39 (SUOI]SISUeI}) SJISSeUT SINd}ONpPUOd-IWIsS 
sop no UOIssold sIqQIej ve ZeS B Soqn} Sap ‘OpIA B saqn} Sop suep 
93191139919, | ap asessed a] 9310duI09 nb onbiuyoojo.No9]9 9jno L 

:anb1uo4j2a]a JT 


"9]SOI 9] 10 “Sond sop 
‘sqjoog sop ‘souIsn sop ‘xnvoInqg sop ‘sUOSIeU sop osvIIe[Oq 
/98DAIDIIA JT 


‘odA3919) ‘orydess0joyd9]9} ‘UOISIA9STS} 
‘oIpel ‘olouos USWdI\sIZoIUD ‘Iepel ‘oydeis9[9} ‘ouoydgsaL 
SSUOLJDIIUNUWUOD SAT 


‘OLIJSNpuUl | 39 Jodsued} 
3] Inod jo suosieul soy suep sosesn soIjNe,p ‘sopIqowoyne soy 
‘sonbi1j09]9 SOATOWODOT soy ‘xnvo}yeq So] ‘SUOTAR so] ‘o[duIoxe 
Jed ‘sjolLsnpur sjmpoid soijne,p suep sogst[ijn osevpsg1 op jo 
aiInsoul ap sanbrijof9 sytsodsip ya onbrwryoosjo9]9 ose][INO 
‘sooljeigues ‘sjalijsnpur simojour ‘sonbr4j00][9 soyesjusd-snos 
‘sINdIVULIOJSULI] “UOISSIUISURI] Op SoUsIT) sonbr4jO0[9 sSeT[INO] 
ap jo sjloredde sop yuowsuUOTOUO}J 39 UOT}eOLIQey ‘uUoT}da9m09 
‘onbijo9]9 sIsIOUD,| Op UOTNGIIsIP jo Jodsues ‘UOTjONpOoId 

LIDLJOUL BD40f DT 


:SUOISIAIP o1jenb pusiduios onbiyd9]9 s1u9gs oT 


‘aIdv.19Y}01}09]9,J 19 SUOTJVOTUNWIWIOD Sa] “SOLOW 9d1OJ PI 
‘aseyneyo of ‘oseirepog] imod 9}101LN90]9,] Jowo[dxs yo Joyodsuey 
‘sumpoid ap yuayjowsed mb sonbiij90]9 sostossooov jo syloredde 
*‘xnvasol Soy osseIquia uYalI14JIaj9 Analugsul| sp suUIeuUIOp 97] 


ANOIMMLOAITA JINTD AT 


IT 


“SOIIBYISIOATUN-jSOd NO SIOI[NI9I SINOD Sop JURAINS UD 
Joredgid as jusaned sjueipny9 soy sjonbsoy suep s}ouNsIp soureurop 
sop jUvUdJUTeU yUNNIT}SUOD ‘onbifqnd 9}uUvs BT B 19 DUDISAY | B SOAT} 
-PJaI sastidaius say ja Jaf op suTWaYyo say ‘onbijneipAy] ‘soynol soy 
‘gjuodieyo op xneard) soy ‘ojdwioxe Jed ‘ay10duro9 jI.nb soyyetoods 
op siquiou puis un.nb 93SvA IS Sd [IAID OIU9S Np sUIeWOp IT 


"SoSTIddUd SOp SOUIQUI XNdI] Soy Ins ‘epeuRD np 
SHOIPUS SIOAIP B IO]IIVACI} B DIIIIIVO VS Op saguUe SoIgIWIOId Soy yURINp 
SUIOU NB JUDSUOD [IS }9 SOWWIOY sap JosIIIp B 39 odinb9 usd JoT[IeAeI} 
B oWIe [IS ‘a}ISNqOI sd I,S UOIssajoId vs suep osejuvAep ed 
Qs INDUISUI,T “[IeAvIy Uos Iduios0e Inod dnoonevaq JaseAOA Op 
INIIUISUL | “epeUueD NP OUSUSWIUWI] 9p osned Y “SQUIWI} xNVAPI} SOT 
SIOJ OUN SINOT]Ie Jae JUOIADP SINdIUgSUI,p sIquIOU UOoq ‘soguUe 
simaisnjd jyuepued asridamus oysvA oun eB sghoj[dud o139 JUdANAd SII 
NO ‘Sdd}JIGVY SUOISZI SOP SULP SUIQUI ‘Sd9USIO][9 SUOISOI Sop sUep UOT} 
-OnIjSUOD ap sastidaijUa sap B sIO[dWId Sa] UG ‘OpeuIOU Op SIA ouN 
JUSANOS USUI S]IAIO SINSIUQSUI SOT ‘SINoT][IVAeI] Op sIQquIOU pUPIs 
UN,pP 9IT]IGesuodsol VI SIOJ Sop UdIq B [I J OUATIOe OpUvIS 9UN dBIxO 
[IVAeI] UOK “INIIN}XI] & IO{[IeAvI] JUSANOS POP [IAIO MOIUgSUL,T 


‘TIAIO O1U9S Op XNVAI] SOT SNO} ap ayuRJIOdUIT o1ed 9UN 30S ]I,nb 
UdIq ‘JOUNSIP sUIeUIOp UN 9nj}YsUOd ‘suRTd op 9Ag] NO ‘ose\UadIe.T 
‘Sajnd1yaa Sap UO1JDININI DV] YO awsiuDgAN | ‘XNDAIDIUNU $AI1AAIS SO] 
JUSSIA SOUTeIOOdS somNe.q| ‘S[OS Sop soysITeIogds snudAdp jUOS S|IAIO 
SINIIUSSUI xNoIquIOU op onb [IAIO s1U93 op sostidomus sop yiednid 
RI suep jue Od Is INd}OVJ UN 4Sd UlelIO} Np siNjonIs eT 


‘jNOS9.p SoIIT}eW Sop UOT} 
-vindg,p suleysks ‘xno sop jUOUTO[NOD,p suIa\sAs ‘a[qejod neq 
sanbyqnd auaisdy .T 


"SIIOAIOSOI ‘xnevued ‘sj10d ‘UOT}eSIIIT,] 
Inod no sonio sap uorssoido1 ve] Inod suoneyejysur ‘soseieg 
sanbiynoapay J 


"QUOII}NI[I,P UOISSTUISUeI} Op SOUSIT Op Sino} 
‘onbi1j0919 dIsIOUN,p soyejUsO ‘souIsn ‘soIj9W ‘sjauUN} ‘sJUoOg 
SUO1JINAJSUOD BD] ap SanbiuyIa] saT 


‘sy1odoloe 
19 sour-odid ‘soAa[gINs sonpeIA ‘IoJ op suTUaYyO ‘sani ‘sajnoy 
/JAOdSUDA] AT 
:SUOISIAIP o1JenNb pusIdwiod [IAI o1uEs aT 
9119} B] op sonbrydeis093 
SoLivpnonied soy IsuUOSeJoI ap 30 SOAI] Sap sie} ap odnooo,s mb 
‘(UOTJBUILIOSUOD ap sudIq» sop onb jQ3nNId «xnezIded-sudIq» Sop jue} 


-UosgIdoI SOX SosVIJANO sap IdIOIIWIe.p NO sIIMIJsUOd ap adnodo0-s 
Inb mnjso e@ JUeUS}UTeW onbiydde,s «[IAIO InstUgsUT) UOIssaIdxa,T 


HAD dINJD AT 


Ol 


@4AN :930Ud “UO1JINAISUOD ap a10d Ua Juawi2 ap anbiaqof 
ajjaanou aun Y XNDADAJ Sap aYIADUL DI alfliad [1419 Anatuasul ug 


"SOIJNV SI] $9jN0} Op UOISN]OXa | B OUITVIOOdS BS B 
J1u9} Ud,s jnoed ou INsTUSZUI UNONe nb 9310s op ‘oljne UN & oUTeWOp 
uN,p JUOWIOYONeADYOS Np s1oousd & A [I ‘9}Sd1 9] 10 ‘onbruvogur zy 
QUOIIOITI | ‘otwTYyS ey ‘ajduroxa ied ‘sgsiperogds juos st jonboy suep 
onbiuyoo} sureulop np wou a sIpusid e s0URpPUd} Nd JUO STIAIO) 
SINIIUSUI SI] ‘AUIOPOW IIZOTOUYII} LI Op 9UXo[dUIOD LT oNIDNR 4S9,S 
onb oinsowl Y “«{IAIO) o1uas np xneaAei] sop sojodde souaenbgsuos 
Ud jUdIL}9 SITE] sInjeu op sed judIe}9,.U Inb o1U9d Op soBVIA 
-NO SdJ SNOT “(SoUIVOLIQWUIe SOIDTTVJUOIJ xNvO Sop Kop-ne sITezTIU 
ywodsuvl} oa] JoInssey Inod Z¢EgI kB OZ8I Op gsvugue ve ‘oIUgH Np 
‘Aq uyor jouojoo ay aonb ‘neapry [euvos of suep ojdwoxo un ve ud 
UO ‘oAIONS op SUISUD Sop jo SUOT}VOYIVIOJ sop ‘xnvuvo sop ‘soynol 
Sop IV} B INOLINS }Ie}SISUOD INIIUIQSUT] Op [IVAvI] J “sIojolNY 


JINIS Nd SANIVWOd XNVdIONIad 


‘000‘0S 9p seid ‘uo 
-yieAOIO “yIeAe Ud A [I ‘EQO6] UW “UoTePAMb9 UOSs no MIIUISUI.p opeis 
3] JUoTeAe ‘epeueD ne ‘Mb xno0 op siquioU ZI QOO’SE B WeUlNss 
[WAPI Np sIO\sSTUIW 9] ‘ISH UW “(OE osed IIOA) UOTeMsTUIWIpPe | 
‘gjduioxe ied ‘ores ne olleulpio.,p sed oyoeyjel ou uo.nb srojd 
-WId Sop juadnds0 sInoUgsUI xXndIqUIOU 9q “epeUeD np sinoiugsul 
Sop JOeXd DIQWIOU 9] JOUUOP op JIIOYJIpP iso [J] ‘olUugs Np soureuop 
XNdIQUIOU Soy] sUBP dPeRIS UN,p UOTUI}GO,] 9p onA Ud snyd jo a9UUL 
oUN,p SINOD Sop JULUDJUTEU JUOIJJO SOPSIOAIUN 39 SosTTOO xXnop 
-9]U9I}] SUIOU NB 39 SNIDOe JUSWApIdel jUOS 9S sUdaIpeUeD soUNol soy 
jussodsip JUOp UOTeWIOJ op suUdKAOW Soy sIeu ‘epeuURD Ne SIOLIIVO 
Ing] sey op JOAessd eB JUONUTJUOD sIOsUeI]O SINSIUDSUI soy 
‘[elopoj uvyd oy Ins uorssajoid vy] ayUasgidas 
JO SOUIAOId onbeyo suep UOIssajoid 93399 Op 9dIDIOXd | SAQOI JUOP 
SINSIUISUI,P SUOTIVIOOSSY So] sdnoIs ‘g¢G] Ud I[QVI9 ‘s[OUUOISsoJoIg 
SINSIUQSUT Sop UdsIpeuLD [IOsUOD Js] ‘sIUSS Np soUTeWIOpP so] sno} 


OlJUQ-OIPAH :0}0Yg ‘aluas ap XNVADAJ ap Saudapoul Sasisdadjua 
Sapuvss Sap aun,] ‘Juadnv'T-JUIDS Np uoljosyoUuvd ap ja anb14j2a1a 
-Odpdy Juaumasouaun.p jafoad np jinpaa ajeapoul un.p apnja] Y 


8 


Joqo]sus & UOSeJ op 9}ANOe UOS op dulvyo 9] jURSSISILID ‘YpvunD fo 
IINJNSUT SULAIAUISUT J MNUIAIP 189 III2 ‘QI6] Us “suaauisuq j1419 fo 
Aja120g UDIpDUDD ZIP WOU II SNos ‘/ gg] Ud epeULD Ne aI]quI9 919 & 
UOIssajoid ap SIMSIUZSUI,P UOTJeIOOSSy sIQTWIDId BY ‘aIUNs Bp SIMOd 
Siotuaid say QUUOp UO OJWOIOT op USIOAIUA) | 19 [eaNUOP, 9p 
SUSIOAIUF) | 9p onbruyooysjog sOoY,] “TOM sissoarug.| “Yom 
-SUNIG-NPSANON Np 9sISIOATUGQ,,JT “‘odoing,p suomniNsur sasisArp 
SUeP ja SIU()-S}eIq xne ‘oUsSeJOIG-spULIDH US S9UIIOJ sIMsIUgsUT sop 
Jed soydurosov 939 JUO soydE} S90 ‘a[DIIS aXTK Np uy ey e.nbsne 
‘yuoWOpidel yrpuesis 
Inb uoneolqey op sijsnpul ojuejJodu ouN,p yuoUTaSsI]QeI9,] 19 
‘sonbiyneipAy jo SoyeIQUIU ‘SoIQI]SOIOJ SdOINOSSOI sop UOTIe}T0]dx9,] 
‘sgdnjnur xneurs & SopUO-OIDIW sUOT}eOIUNWIWIOD ap J[eJUNUTWOO 
SWI9}SAS UN.p UOTe]][eISUI.] “JUOUTJUOD Np M909 ne JoQUad ap sinod 
SUC] Op SouIAvU xne jouJod mb s[qesIAeu SIOA 9UN,p jUOWASST]q 
-¥19,] ‘sdWi9} Soy] sno} Jed sojqestyn sojnol op juoWoseUdUIe,] 30 
XNVJUSUTJUOD JOJ Op UIWOYO 9p xnvosol xNop soy] SUIUIOD sosvIANO 
sop juvyioduios ‘atuas np sulewOop a suep sessojoo astidemUus 
oun 939 & epeURD Np INVA Ud OSIW BI “JUSWIIOUDUIUOD J] Sod 
“‘xneIpuouwl 
SQyoIeUl Sop JUOWISUSIO]I,| B 19 XNOINOSLI SoJ} SIOATY xne ‘souse} 
-UOW Op SogssLIgy SUOIZ9I xne ‘ssoURISIP SopuvIs xne sonp s9j[No 
-IjIp sop Issne 3110dwW0d soyURpUOG? IS }0 SOYDII IS sodINOSSOI xne 
sked a9 ‘sowgjqoid xnoiquiou op s100Ud jJUO}IOSNS 19 9y10SNs 1U0 
IMg]eA Ud ISIU BS JO DOURSSIOIO BS ‘auNof sAed UN jso epeURD IT 


DpoUuDD nv aiuas aT 


‘quuaIpiionb aIA ev] ap sjyoadse say sno} onbsoid just 

-O}OOIIPUI NO JUSUIDJOIIIP BYONO} INIIUISUL] op [IeAvI] 9] ‘oOU BI 
smW0d snbisojyouyse} sj} 30 oxa{dWIOd set] 9191I00S oun sued 

‘ny, pinofne p smougsUl sop d3¥jLI9Y, | 9p JUdUsTIOUID} 

‘sogUUe.p SIOI][IUI op yUd}ep ‘sed sop UdIq suep ‘INb ‘syuoUINUOW j2 

SUONVOYTIOJ ‘saynor ‘xneued ‘sdurs}3uo] sindop yuoj\srxo sinorugsul 

Sg] ‘ajqeyJoyuoo snjd spuow un 9919 os [I ‘sofqruodsip xnelig}ew 
xne sovis ‘onb ‘inoje9I0 yUOUOTJoOIN}JeU Jso sWWOY, onb nA 

"SINSIUISUI Sop Jed sa9g}USIIO NO Sagnyoa]jo JUOS 

ynpoid un,p UONeSI[eIOIOWIWIOS VI ‘Sed SUIe}IZN SUBP “jo UOT} RSITVOI 

RB] ‘uondsouos ey aonb suas 90 Ua ‘alugs Np puojJ Nv sAQToI (B9UUOT} 

-dajiod o9iIolmmos oun ourgu jo ‘onbrurys ympoid nesAnou un 
‘gjiqowioyne oun ‘juod un ‘aynoI oUN) 9WUWIOY,| ap UOTP9ID 9jNOL, 


JINJD Nd JONVLYOdWI 13 ANOIYOLSIH 


ANO :010Ud 


‘sanbisdyd 
saouaias saz nal ua juadjua no asiddadqua ano] ajuas 
-aid anb anbiuyraj aspso.p sawajqodd sap adno20.s inb 
Sanayjivansy ap adinba aun,p—‘fayo a] juadnos jsa ua ji— 
“odiouidd 2190SSD.] JSa Anaiuasul JT ‘sulosag sas Dp juo{sijos 
inb sadiadas ja suaig Sa] adinpoid asivf inj vp uodvf ap 
QUIUOY .] AP ]IDADAJ 2] AaSIUDBAO D anqgidJuod Ja adANjoU 
DI] ap saodof Sa] ja XnbdldajDUL Sa] asyjijn jl ‘sajzeis sap 
s4no2d np juiod np sasiu uo aluas np JAD] ap suainijo1d 
say anb sapoyjau xnbd adpdQ ‘aouai2s vi dvd saajaaad 
saoupssipuuod saj anbijoad auipuop no anbyddv inb anbif 
-1JUA1IS_ ANajJDs1JSaaul UN Jsa jauuoissafoAd Anauasul TJ 


JINAOD 31 SNVO SAaqadaVO 


OS ee ee eee eee eer rere eee eer receee a1luas ap SANOD sap a1SIT 

67 Ce ee SS AOIGNHddV 
QP HABLA OD «6 eon £54 3 5a) 58s CR 4ajjnsuod D SasDAANO SaAINp 

Ly Ce NOLLVLNAIYO.d 


La SLNAWANDIFSNAY Ad SHOUNOS SAALNV 


Sy °'SUNAINAONI SAT YNOd YINAAV.d SHALLOddS add 


Tpit ttt tere se tess ees INAWAONVAY LA AMIVIVS 
[po ociiittttrsttsnssses esses ees TIVAVUL AG SNOLLIGNOD 
AS I A Sala iad a 198UDAJA.] YD SQUAO{ SANalUasUl SAT 
Or Wiatwliet el siwie" es) ele) e. 4.1m, 6)[6) 10,8 © 0 © 16 8 [ee 6 woe juauaonjd ap SAI1Ad9G) 
a. NOISSAAOUd VI SNVC SLO SHI 


gC Slens) euelene lel @ enol sve (ates) eo. e).0.6 ‘ettedeuere late) 16) 8766 Sayjauuossad sapnyy 
ie ee ALAISNPUL,] SUDP UOL]DULLOT 
homey camer eo yinpa sduiaj v siojdwua ja saouvav4 
oe ee eR he | SC saanaisadns sapnig 
Geren eee ee 20uDISISqns ap sivAf ja U011d149SU1 ,P $1101 
pC te ie in cg en 2 2 pUSAAIuy 
Pa hr eee Rk ose ein autopuores 21007 
Pete oe ok eee NOLLVWUOd LA SAGNLY 
Ou eae oui poe? sree naa «eam aluas aj ja somuaf saT 


Zé AINDD AT SNVC UISSNAA UNOd SASINOAA SaLITVNO 


ee eg 0 jae Pe Se: 
Pres a ae ee MNAINJONI.T AG TVAVUL AT 
ee eee ee ANOIDMA TIGA, INGE 
rear ees et Boccia Britis at sets ses 
seppinpasracre geen UO UE gu mk SaSHHO aINGO Ta 

Bet eee ii, 6 Chen ror I OSTTE cae 

Gh ee a en ee ANOLLAVNOUAV FINAD AT 

Aer eRe ree reer Cr Sariowiid HN 

SBR UITNeE eee ee eee aa ANC a een 

eh CURE SSE? chi NES Pines Rae ee acGii oie 

Ls crecia Gane sa a SCIOINEV HINTING EE 

Fi LEE? 2OOEGRE- DE BEMARAE: sb Ors Se ens a 

ake eae ROTOR 2 23 ees eI eee eee 

Ole 27 > St iaeaegc on qINSD NG SANIVWOd XNVdIONTdd 
eer ek tte Sa eee ‘ pppuny no auas aT 

aia eninge a aINJO AG JONVLUOdWI La ANOAOLSIH 
aDVd 


SHYdILVW SHd ATAVL 


Poti od oe. Y “ant ; 
‘Comal. omit Ais ou 
came a = J moe s Ss qe i. 


Se tiags eh we 02 Cosco 


res Tey or * “sty reevenins | 
“i iy economies Gaile ps 46¢p o re): oe Je 

ai ge vii G baits i 7 (y rt 

Tea ta active wien ike coucet 2 ai ; iy 

Piru 1 Yeqets T} Gite pare 

TOU LOC cpunedine a! ¢ bee ry 

Ag choses: ID. oy RANTS ; 1 fs 

" A jer ye Wet foltacl oh, ia | OCT F 
the apo oer! qe eauicate On 5), | re rogue iar | 
‘Pe? tie ¥ ¢ CG bieby fae 145 Thr bb 
Resoor arian ects | + i 

Rive mbayouy yer Aone pee eg nity’ 
ett bors ce opoene’ De. URIS, Ci) 


Le, 2 


ae wUyeL w igboogis S Cote “sind . OCs years 
: bs ar iy 


16, 4G weouoki inh rie. 74 i \ 4] ey Bee 


~= 


patel ey 
stunt y wie Gis GUTNG] 16 Sy ST S14 ah 
HUE! n° WG (lieoperre (le O46! ie Mel? Shea it , 
: mee 


sit 
‘ 


a ha < Bat I fol! , 4, ‘ Lease by J ee ee 
, : t ’ q 4 
> | ; P ice oy> 3 m 1 oy alte. 
oe on Dire ¢ : . ‘ ee ee f) » fi. I ° 
a SS sie gt AAS Cyt L 206 COLLIN LG Gf 2.4 DOCOFLEL. ; 


Ort 7 mm anda wir ; « Ue EU CEG Ie LATTA Ge . ' " 
Ui LaeyG qe eet bas or tle Cee ey" ; 


p96] JorAuel 


‘SIONVGS ‘d £ 
‘JIDADAT, Np asajSUly 
‘sayodayrad Sap ja anbiwouosa J ap Anajradip aT 


‘oIuos Ne jUaSsaI 
-9JUI.s Inb sowstuesIO soIyNe.p 19 vpvUDD Jo ajnjijsuy Sulszauisuzq J 
‘sjauUOIssojold sInoUgsUI sop UdsIpeuRd |IasuODd I, sSagpIODOR 
yuo Inoj onb UOr}eIOQGRIIOD eI 9p 19 Opley op syURSsIeUUODEI jUOS 
sInoyne say ‘suolednds0 sap asATeue J 9p UOTIIIG PI Op Joyo ‘UOSTTV 
WII “A 39 OwlRvooReZD ‘“g Yydasor ‘Py Jed o1An90.p-uleul ap sjjoaTyo 
Ud S2OINOSSaI Sop UOISIAIG ve] Inod s9sedg1id 939 & aTJO 19 alUas aj Ja 
$a]JaInjDU SaIUaIIS Sa] SUDP SAAJIAID SUBP SONU9}UOD SIUNS NV SIATIPIII 
sorpdeIZOUuOUL Sop QSIAOI 93X90} UN so oINYOOIG djUaSoId eT 
“oyyenjoe 
IngjJ ap npiod juo nb o119s ve] op suoNvorqnd say of ve oIyj0WII1 & 
JUSUUUIL}SUOD SIO[AUID.S UG “S}JUSUIO}IeI} SOP 9 SoIIeTeS Sop oINjoNI}s 
Bl] SUBP 39 JJOLSNpUT aIso;OUYSe} eT suep ‘sonbruIOUO0D9 sUOTIIPUOD 
So] suep JUssInpold os mb syusWIasULY Sop osnvd B sjonsgp ITUDANp 
B souepUd} JUO SUOT}EdNd90 so] JULUIOOUOD S}JUDUIOUSIOSUdI SaT 
‘onbnysije}s ve] op [elopoj nevoing 
Np 39 [IeCARI]T Np do}sIUIW Np aoUUOISsajoid jo onbruyos} UoTeUL 
-10J ¥] IP UOTPDIIG BI Op “AdSVUIQYD-dOULINSSE.P UOISSIWMIUIOD FI IP 
UONCIOGR][OS dIULIIOAUSIQ eI JUOWIOTeS9 JoUUOT}UDW Op nal] e A I] 
"So]JOUUOISSaJOId SUOTIBIOOSSE Pp 19 SIOLIANO S}eoIpuAS op ‘yeuoIjed np 
sjURUasoIdol op SINODUOD xnII9U9S ds] D9AR 99IedOId 939 B OLIOS BT 
‘1o]duld,.p soatjoodsiod say 39 [IeAvI}] Op SUOTIIPUOD 
So] ‘UONVWIOJ Op 40 UOISSIWIpe,p sUOTIpPUOD sot ‘suoTednd90.p 
ednois un,p no uonednsso0 oun,p omyeu ev ‘sasoyo soljne omuS 
yLID9p sinyooi1g onbeyD ‘opueulop 93399 e oIpuodsl eB JoprIe.p nq 
nod ® pppuvy nv suo1jydnzIQ 99{NWWUI SsorydeIsOUOW dp SII9S BT 
*XNOTIU SOIIN’ SIOAIP IP 19 STONJUDAD SJULISTUUUUI,p 
‘xnevorpuds sjuvastIIp op ‘Jouuosiod op sinajooIIp op ‘JuouoORId op 
SIAIOS Np solteuUOTjOUO;J op ‘To;dwa,p Josueyo juUsMssp nb sino] 
-[IVARI] Op ‘SINDJUSIIO.P 39 SIN9jNjSUI.p ‘s}usIed op Issne JUDIA oI]9 
‘Joredoid A.S jo d19LIed oUN IISIOYD 9S JUDATOp INb sounof op jUdIA 
opurulop 9}}09g “JUOWIUIRJsUOD oJUDWIsNe epeURD Ne suoT}ednos0 
So] INS sJUSWIOUSIOsSUDI Op opuLvWOp v] ‘soguUe sonbjonb smndoq 


SOdOUd-LNVAV 


pI6l 
epeury “eMeyo 
s1ojodeg &] 9p ANI[QIJUOD 39 SUIDY VI Op InewrIdwy 
‘O'WS'W “TANVHNG AISOY 


ajqojvadd S1AD Subs Juawmasuvys DB Jans X14_q 


P90T-EVT ONsoOje}eS OP oN $}U99 $7 XIIg 


‘epeuey np sonbijqnd sonbeyjoljqiq say soyno} suep 
S9SS9I9JUI SOP UOTIISOdSIp BI & JUOS SoITe[dWIOXxS sod 


“OIIBIQI] 91JOA ZOYO NO 


QU1ABYIDD-a1§ and ‘jsano ZHI J ‘aiA-vudayyy adyfipyz 
TVWAALNOW 


apivjapy ana ‘jsa O¢ ‘aizuayoopy aoUfipy 
OLNOWOL 


nvaply ja aizuayonp ajsuv ‘kjoq aoifipy 
VMVLLO 


:S9SSOIPe SOT IOIOA JUOP 
[elopoj JUSTUOUIOANOD Np SdLireIqi{ soy suep jo 
‘eMENO & SUIOY LI Op IMOWTIdW],| ZoYyD 9}U9A UT 


SQAIOS9I QUUOINOD FI 9p SHOIq () 


YI6T U2 S9SIAOY 
a1uas a} SUDP SdasaLddDD 


[0961 99SIA0I UOTIPY 


a1uas a] Ja SajjJa{njOU SaDUaIIS $a] SUDP SAAQIAADD 
-€C6] UONIP? s1gitstd 


AULSININ-SNOS aULSININ 
ANYOHLAVH “A ‘DD W NHHOVAPYAW ‘ff NVTIV “NOH-T 


epeury ‘[IeCAPI], Np o19}STUTWI 


np 
soyoIoyoel sap ja onbiwiouo0sg, | ap UOTOaIIG 


GINGSD AT SNVdG Sdaardavod SHIT 


OZ alydpasouopy 
ppouv) nv suo1jpdnII9Q 


‘a1rydpssouou ajuaspad vd] ap Sajuvj4odu snjd sa] saguuop saj juvajsnyjt sa8pu,p apuvg, 


sonbeyiol[qiq soy suep soIOLIeD 
(anejNos us) nesIng sp siojdwiq 
(An9[NoOd Us) INdjnI1}sSUT 
(AN9]NOS Ud) [VOIPSW 9}SISO[OUYII L 
SISO[OIODIOW VI SUBP SOIOIIIeD 
TOOL 

sonbruvo9ur 
SIoljoye soy suep suotedns09 
UOT}IONIJSUOS LI SULP SIO;dWI 
INsyeulssoq 
sIstuIU Sto[dwiq 


O}NL,P USIOIUBdII| 


onbrsowop 
SIWIOUNSY,[ SUBP SdIOTLIeD 


SLIOWIIGUI.| Op SIO9]AI 
uosel jo Inojonbug 
(anejnos us) enbru01499]9 | 
IP 39 JUOII}ONP,[. OP IMI [Ieav1y, 
[e1Ioos MITTAL L 
(an3[noo 
Ud “QSIADI) SIUSS O][ SUBP SdIOLLIVD,, 
Inodva e 
Ino{[leredde jo InoynevAn} “IsIQquUO[g 


‘pg “Inefnod us ‘7g “OuRIG 39 IIOU Ud SaIdod :epeuURD Ne xg 


*XxNevUOIS9I xnvaiIng sos e No ‘eagMUOP! ‘OOI9 ‘d’OD “WIY np [euoneu souJO,] 
B JULSSOIPe,S Ud IJoJOYyOR soy jnod UO ‘Wy onbeys Jousedwioooe inod 91ed9id 
919 B joNUeW UG, ‘sUOT}edNd50 Soa] INS SNOssop-1d soxYy sw[Yy soy Wnpoid ve ‘wyYy 
Np [euoeu soyjO,] 90Av UOTeIOQeI[OD Ud “[IPARIT, Np sJO}SIUTIW OT “IOI. nbsne 


VAVNV) NV SNOILVdN)D00 SAT WS SAX SWNT 


*K K KK K 
epeury “EMELIO 
ANIGad WI ad AYNdWNTadWNL 1 


7B SOSsoIppe 19 BpeURD Np [ei9Udd INDAOOY 
ne oqeded 93s0d-yepuew no onbeyd Jed sjiej 9119 JUSAIOP SPUOJ Op SIOAUD SOT 


QJURS OP SADIAIOS So] SUP SOIDTIIeD 


onbijsswo0p OIZINI[eIOWU VB] Op SINI|[IeAvI], 
sIWOU0S9,| SUPP SoIQIIIe) /uolwsvdadd uz 
IMepnos 


sIoulu stojdwy 

QUIS Ud 19 SOOUDIOS UD SUDIOTUYI9} Sa] 

UISSOP 9] SUBP SOTIILIeD 

sonboyolgiq soy Suep SoJgIIIeD 

neoing op stojdwig 

SOT[OINJVU SIOUSIOS So] SUBP SOTITIIeD 
onbiu01}99]9, | 

OP 19 9}1911}99[9,[ Op SIN][TeAeIL 

g1u9gs oO] SUBP SoTQTIIeED 

SIOWLIGUWIT,| Op SION 


‘OCT Xd °°“ LYNWYOA NVAANON 


SOIIBIAOIIOJ SIo[dwy 
Joismuow-Jousdieyy) 

OCT XUg oeoececeere eee ere oe (99}TUNT] 
gjuenO) LYNWUOA NAIONV 


UONONISUOD BI SUBP SOIITIIeD 
[BID0S 9.139-U91q 
Np suUIeWIOp x] SUeP SaIOTIIeED 


VAVNV)O NV SNOILYd1990.0 SHIHdVYIONOW 


_— 


el 


EB Manpower and Immigration Main-dceuvre et Immigration __ 
cot 


CAREERS IN 
“PROFESSIONAL 
«ENGINEERING 


Civil 
ti Electrical 
f a Mechanical 


, 
ADD 96 1072 is Chemical 
APR 2019/2 ‘S ae 
SO Mining 
Qo” 


ten Metallurgical 


oNee Engineering Physics 


CANADIAN OCCUPATIONS MONOGRAPH 20 


Canadian Occupations 


Monograph 20 


CAREERS 
IN 
PROFESSIONAL ENGINEERING 


Prepared by 


Occupational Analysis Section 
OCCUPATIONAL RESEARCH DIVISION 
DEPARTMENT OF MANPOWER AND IMMIGRATION 


BRYCE MACKASEY L. E. COUILLARD 


MINISTER DEPUTY MINISTER 


Disponible en francais sous le titre: ‘““Carriéres d’ingénieurs”’ 


First Edition 1953: Careers in Natural Science and Engineering 
Revised 1960: Careers in Engineering 
Revised 1964 


Reprinted 1966 


Second Edition 1971: 
Careers in Professional Engineering 


© Crown Copyrights reserved 


A deposit copy of this publication is also available 
for reference in public libraries across Canada 


Price: 75 cents Catalogue No. MP53-272 


Price subject to change without notice 


FOREWORD 


During recent years there has been a steadily increasing demand 
for information on Canadian occupations. The demand comes 
from young people faced with the need to choose an occupation 
and prepare for it; from parents, teachers and vocational guidance 
counsellors; from workers wishing to change their occupations; 
from employment service officers; from personnel directors and 
union officials; from prospective immigrants to Canada, and from 
other quarters. 

The CANADIAN OCCUPATIONS series of monographs is de- 
signed to help meet this demand. Each booklet describes, among 
other things, the nature of the occupation or group of occupations, 
entrance and training requirements, working conditions and em- 
ployment prospects. 

Occupational information tends to become dated as a result of 
changes in economic conditions, in industrial technology and in 
wage and salary structure. This booklet is a revision of Canadian 
Occupations Monograph No. 20 entitled Careers in Engineering, 
and was prepared by the National Joint Engineering Society Com- 
mittee on Student Counselling in conjunction with the Occupa- 
tional Research Division (Chief, J. E. Andoff). The help and 
cooperation of members of the following professional associations 
is gratefully acknowledged: 


The Engineering Institute of Canada (E.I.C.) 
The Canadian Council of Professional Engineers (C.C.P.E.) 
The Canadian Society for Chemical Engineering (C.S.Ch E.) 
The Canadian Institute of Mining and Metallurgy (C.J.M.M.) 
The Canadian Society of Agricultural Engineering (C.S.A.E.) 
The Canadian Aeronautic and Space Institute (C.A.S.1.) 
The Canadian Pulp and Paper Association- 
Technical Section (C.P.P.A.) 


G. S. SAUNDERS 

Director, 

Research Branch, 

Department of Manpower and Immigration 


July 1971 
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CAREERS IN PROFESSIONAL ENGINEERING 


Professional engineers are applied scientists who 
make practical use of the knowledge made available 
by science. Employing methods developed by practi- 
tioners of the art of engineering over the centuries, 
they utilize the materials and forces of nature and 
help organize the human effort necessary to produce 
the goods and services that satisfy human needs and 
wants. They are senior partners—often the lead- 
ers—in a team of workers that deals with the tech- 
nical problems presented by any project making use 
of physical science. 


CAREERS IN PROFESSIONAL ENGINEERING 


HISTORY AND IMPORTANCE 


Man is by nature a builder and an explorer, engineering and 
creating for himself a more agreeable world out of the materials at 
hand. Canals, roads, fortifications and other structures, many of 
them thousands of years old, are evidence of his engineering com- 
petence. For hundreds of years engineering was a craft which 
developed gradually by trial and error; unfortunately, in the Dark 
Ages much was forgotten. Centuries passed before the technical 
competence required to construct the irrigation system of the 
Euphrates Valley or the great pyramids of Egypt was relearned 
and reapplied. Only as the basic laws of the universe were dis- 
closed was it realized that aJl engineering principles stemmed from 
scientific laws, and that the function of engineers was to under- 
stand and apply these laws in the design of their works. 


Engineering in Canada 


Canada is a young country presenting many challenges to the 
engineer. While many of her problems have been, and still are, 
those associated with growth and development, others, such as 
environmental pollution stemming from industrial wastes and 
urbanization, are demanding attention. The very land which 
offered resources in abundance also imposed penalties of distance, 
ruggedness, bitter winters, and isolation from markets. Where 
land was misused we are left legacies of marginal farmland, soil 
erosion and water losses. 

From the beginning engineers have contributed and continue 
to contribute to the economic and technological development, 
welfare and defence of Canada. They design and develop complex 
systems vital to urban living, such as water treatment, sewage 
disposal and electric generating plants. They render life more 
comfortable by developing more efficient heating, air-conditioning 
and refrigerating equipment. The low price of mass-produced 
goods is made possible through the engineer’s search for better 
production processes. The mobility of the individual and the 
transportation of goods depends upon the development, by en- 
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gineers, of automobiles, trains, ships and aeroplanes together 
with transcontinental transportation systems and inland water 
ways penetrating deep into the heart of the country. The activities 
of engineers in the field of mining have contributed significantly 
to Canada’s world leadership in mineral exports. Scientific research 
too depends on the equipment which the engineer designs to ex- 
plore the depths of the ocean and probe the secrets of outer space. 
Many engineers working for government, a university or private 
industry have made contributions to our social and economic 
well-being through the formulation of manufacturing standards 
and construction codes affecting the safety of workers, the public 
and the consumer. Other engineers have been instrumental in the 
enactment of legislation affecting our natural resources, our 
means of communication and transportation, and our environ- 
ment. Until the second half of the 19th century there were no 
courses in engineering offered in Canada, and those engineers 
engaged in the early development of the country received their 
education in British, American or European institutions of learn- 
ing. The first engineering course in Canada was offered in 1854 
by King’s College, now the University of New Brunswick. Before 
the end of the century, courses in engineering were provided by 
McGill University, L’Ecole Polytechnique (affiliated with the 
University of Montreal) and the University of Toronto. Today, 
degree courses in engineering can be taken at most major uni- 
versities, and the first two years of study are given in a number of 
post-secondary institutions of learning. The first Canadian as- 
sociation of practising engineers was instituted in 1887 as The 
Canadian Society of Civil Engineers. In 1918 it was renamed The 
Engineering Institute of Canada and broadened in scope to include 
all the fields of engineering. Under the terms of the British North 
America Act, regulation of the professions is a provincial respon- 
sibility. Each province has legislation governing the practice of 
engineering and has vested certification or licensing authority in 
the provincial engineering association. The activities of these as- 
sociations are co-ordinated by the Canadian Council of Profes- 
sional Engineers which was formed in 1936 to represent them, in 
non-technical matters, at the national level. It is estimated that 
there are nearly 64,000 professional engineers practising in 
Canada. Statistics show that in 1970 engineers were distributed 
throughout the various fields as follows: 


civil engineering 16,300 


mechanical engineering 13,800 
electrical engineering 13,500 
chemical & petroleum engineering 8,700 
mining engineering 4,200 
other fields 7,400 + 


For centuries engineering tended to be a man’s profession, but in 
recent years more and more women are being attracted to it. 


NATURE OF THE WORK 


Broadly speaking, engineers are applied scientists who work 
with the forces and resources of nature to create new products and 
processes to satisfy human needs and wants. While pure scien- 
tists strive to enlarge mankind’s consciousness of the universe and 
understanding of the laws of cause and effect, engineers are prima- 
rily responsible for putting the resources of science to work. They 
are, for instance, more interested in generating electricity than in 
enquiring into its nature; more interested in using things than in 
studying the state of things. Engineers must pay close attention 
to the human, economic and financial aspects of a project. 


Engineers, whether practising in a narrow specialty or working 
in a broader field, usually find themselves engaged in one or more 
of several functions, such as design engineering and systems en- 
gineering described in later paragraphs. Eventually, they tend to 
concentrate on that which they feel best fitted to perform. Within 
each field there is a choice of work functions, some of which are 
more characteristic of a particular field of engineering than 
others. For example, a fairly high percentage of civil engineers 
are employed in construction, which needs only smaller groups 
of engineers from other fields. The following chart shows how 
these functions are distributed among the various engineering 
fields. 
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ENGINEERING FUNCTIONS 
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RESEARCH AND DEVELOPMENT 


Research is conducted by engineers in co-operation with scien- 
tists, and entails investigation and evaluation, and the application 
of engineering and scientific principles to practical problems. 
Studies are made in such areas as pre-stressed concrete construc- 
tion, high-pressure instrumentation, continuous processing of 
chemicals at high and low temperatures and pressures, supersonic 
flight and electronic-computer and control systems. Research activ- 
ities are exploratory and experimental in nature and involve a con- 
siderable use of trial and error. This is particularly true of fun- 
damental research, the first level of research activity, usually 
associated with revealing and understanding the laws of nature or in 
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discovering new principles and techniques. Mission-oriented re- 
search, the second level of research activity, by necessity is creative 
and devoted to converting new ideas and principles to commercial 
realization or to improving existing processes or techniques. 
Fundamental research is carried out largely in universities and 
government agencies, while, to an increasing extent, mission- 
oriented studies are the preserve of industry-sponsored research 
institutes and of industry itself; always with the creative mind of the 
inventor behind it as the driving force to succeed. 


A research engineer determines magnetic susceptibility of a mineral 
by using a microbalance and an electromagnet. C.1.M.M. 14945 
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Engineers concerned with research and development need to 
be abreast of all trends in areas related to their field. The neces- 
sary attributes include a capability for creative thinking, analytical 
and logical reasoning, and a capacity for intuitive and original 
problem solving. Other essential characteristics demanded of the 
researcher are a curiosity to experiment, the ability to learn from 
failures and the persistence to continue despite such failures. 

The activities involved in this type of work include the de- 
velopment and testing of new technologies, new products and 
prototypes of new installations; utilization of new methods and 
techniques of analysis, production or construction; the use of new 
materials, or the resolving of special problems. 


DESIGN ENGINEERING 


Whether concerned with one component of a new piece of 
equipment, or an entire system, design engineering consists of 
applying established scientific or engineering principles to meet 


Design engineer assesses test results from an aircraft control 
system test rig. CANADAIR 8947 
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Design engineer and technician test wear, load endurance and 
limit load of aircraft control system. CANADAIR 8946 


functional requirements and performance specifications, and to 
developing prototypes, structures or processes. Involved here are 
technical problems of size, strength, weight, shape, durability and 
efficiency that must be solved with regard to costs and human 
needs; they may also be complicated by aesthetic considerations. 

The human element poses fascinating problems to design en- 
gineers, for they must consider the need for safety, comfort and 
convenience when designing the product. 

Design engineers must be aware of developments in the various 
fields of research and must consult frequently with colleagues and 
those responsible for translating the design into a saleable product. 


SYSTEMS ENGINEERING 


Systems engineering is the treatment of a complex project as a 
single concept instead of as a number of individual parts. The 
design and development of such a project must take into consid- 
eration all its aspects to ensure that the system will fulfil its in- 
tended purpose. 
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A typical illustration of systems engineering is in the design 
and construction of an airport. Although its purpose is to permit 
planes to land and take off, it is not sufficient just to design and 
construct buildings and runways. The final design must also con- 
sider transportation to and from the airport, and efficient flow 
pattern within the airport so that people can move quickly and 
comfortably, baggage can be loaded and unloaded with a minimum 
of delay, and food and supplies can be moved rapidly. 

The smooth functioning of such a complex system poses many 
problems, and the systems engineer identifies, analyses and solves 
them using a special knowledge of mathematics and an under- 
standing of the properties and functional characteristics of the 
components forming the system. 


PRODUCTION AND PROCESS ENGINEERING 


Production engineering is complementary to the design func- 
tion, and production engineers are frequently responsible for im- 
plementing a new product design or modifying one according to 


Materials test laboratory. D.H. 2607 


15 


considerations of production techniques, cost or efficiency. 
Whether the project is a single item, such as a bridge, or the 
factory production of many identical items, planning is essential 
to the logical and efficient arrangement of plant equipment, 
machine tools, purchase of materials and organization of pro- 


Factory liaison engineer discusses test pieces with operator of 
autoclave used in the bonding of metal parts and the manufacture 
of honeycomb components. CANADAIR 8942 
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duction workers, so that the project will move ahead according to 
a predetermined cost and schedule. Production engineering also 
entails the supervision of production processes, plant layout, 
work methods and production scheduling. 


Process engineering, on the other hand, involves the control and 
operation of one or more process lines in a continuous manu- 
facturing operation. Generally process engineers deal with fluid 
flows as found in such industries as oil refining and chemical and 
wood-pulp production. They advise at the design stage of oper- 
ations and, if the process line does not meet design standards of 
product quality and output, they may suggest changes or im- 
provements. 


INDUSTRIAL AND MAINTENANCE ENGINEERING 


Industrial engineering is a field which has developed rapidly 
over the last twenty years. Basically it involves the application of 
engineering principles to large-scale production, and the devising 
and initiating of procedures to make it efficient. The techniques of 
industrial engineering call for the application of mathematics, 
knowledge of both physical and social sciences, operational re- 
search and the use of computer systems. These skills are employed 
in the installation of integrated systems of equipment, materials 
and manpower, and the prediction and evaluation of the results 
obtained from these systems. The principles of efficient operation 
of factories and plants are equally applicable to department stores 
and government departments. Industrial engineering involves 
planning plant lay out, work flow, accident prevention, work- 
study techniques, training programs, and inventory-and-quality 
control. 


Maintenance engineering is primarily concerned with keeping 
machinery and equipment in a production or service operation in 
good order. Maintenance engineers are responsible for establish- 
ing regular maintenance schedules which include inspection, 
cleaning, parts replacement and general overhaul. In many cases 
they may serve as maintenance superintendents and supervise 
the work of technologists, technicians and tradesmen. 


CONSTRUCTION, INSTALLATION AND ERECTION 


Construction engineers plan and design such structures as 
buildings and bridges, and supervise their construction. They 
apply their knowledge of materials and their properties to produce 
practical and stable structures. They direct and oversee the work- 
manship, equipment and materials that go into the project, 
maintain the proper sequence of operations and ensure that work 
is done according to design and on schedule. 


FIELD EXPLORATION 


Field exploration in Canada is chiefly identified with seeking 
out and proving oil and mineral resources, but also includes soil 
testing at the site where large structures are to be erected; hydro- 
graphic survey for water power, irrigation or flood control; and 
other explorations of engineering importance. This work usually 
entails travel, often in winter, to distant and uninhabited regions, 
by whatever means of transport are available. Use of electro- 
magnetic and seismic instruments, diamond drilling bits and 
examination of core samples is customary in this type of work. 
The often harsh climate and terrain in Canada have led engineers 
to develop some ingenious techniques for prospecting from the 
air. Variations on some of these methods will likely be used for 
initial exploration of the moon and planets. 


SUMMARY 


The functions as outlined are those associated with the purely 
technical aspect of engineering: in practice they are rarely so 
neatly compartmentalized. The majority of active engineers will 
likely be found in one field or a combination of several. There are 
also a number of other functions, such as the following, which 
are closely related to or dependent on engineering principles. 


Consulting Engineering 


Consulting engineering differs from other engineering functions, 
for it requires, in addition to technical knowledge and professional 
experience, competence in business principles and a good ground- 
ing in the laws and regulations prevailing in the area of practice. 
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Engineers, in business for themselves, in partnership with other 
engineers, or as employees of larger firms, render a variety of 
professional engineering services to clients on a fee basis. This fee 
may apply to a specific project or be for services provided over 
an extended period. Such services could include the design of struc- 
tures and roads, providing advice on the efficient and proper 
application of engineering systems to production processes or, 
after a limited amount of research and analysis, the furnishing of 
details with respect to the development of new products, materials 
and systems, or the solutions to specific engineering problems. 


The work of consulting engineers can be divided into five 
activities : 

(1) Advisory services for a particular project or prob- 
lem, or on a continuing basis. Such services may call 
for advice on management, production, inspection, 
testing and quality control. Other services may include 
appearance before judicial and regulatory bodies to 
give evidence or submit opinions based on engineering 
knowledge. 

(2) Preliminary and feasibility studies to determine 
general layout and design, and to estimate cost and 
time required to complete a project. 

(3) Preparation of designs, specifications and contract 
documents; analysis of tenders and recommendations 
relating to them. 

(4) Contract administration and project management. 
(5) Design and development services, often performed 
in conjuction with the client’s own staff, may consist 
of processes, special machinery, or the application of 
automatic controls for equipment. Advice and as- 
sistance is sometimes given in developing inventions 
and registering patents. 

Consulting provides opportunities for engineers, so inclined, 
to work on their own account rather than as employees. It gives 
them a measure of independence not enjoyed by employee en- 
gineers; it also demands high technical competence, some financial 
risk and exceptional personal qualities. Consulting offers a wider 
scope for technical practice and the demand for such services 
appears to be growing. 
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Sales and Service Engineering 


Sales and Service engineers combine a knowledge of engineer- 
ing with sales psychology to sell products and ideas to industrial 
or commercial interests. They contact prospective buyers in busi- 
ness, industry and government and present their product or idea. 
The clients, needs are analysed and recommendations for a benefi- 
cial course of action are made. These engineers often provide 
technical assistance to customers in anticipation that they will 
purchase the firm’s products or services. 

New and complex designs have opened up a broad field to the 
engineer with a sales personality. The work is demanding as it 
calls for the analysis of field problems and the correct choice of 
product to meet the needs of the customer. Sales and service 
engineers must often integrate their product with other devices 
to ensure efficient operation. Generally, sales and service engi- 
neers are expected to travel and to attend seminars, courses and 
conferences in order to keep abreast of their field. 


Sales service engineer and aerospace engineers check control 
mechanism on CL-84 vertical take-off tilt-wing aircraft. 
CANADAIR 8938 


20 


Dr. Y. N. Yu conducts a demonstration of hysteresis in a trans- 
former. U.B.C. 6 


Teaching 


Teaching of engineering and related subjects is conducted at 
the post-secondary school and university levels. Generally mem- 
bers of university engineering faculties possess at least a master’s 
degree and often a doctorate in their field, as well as having a 
highly developed specialization. In addition, they must have a 
wide familiarity with engineering principles and the desire to 
teach. Beyond the obvious responsibility of imparting knowledge 
to students, they are expected to conduct research programs and 
to supervise graduate students in their work towards a higher 
degree. 


Engineers may teach at colleges or institutes of technology, and 
many, after supplementary training, teach mathematics, chemistry, 
and physics in high schools. 
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Management (Administration and Executive Posts) 


Practically all professional engineers must delegate some 
authority to assistants; it follows then that they must supervise 
these people to some degree. 

As business and industry become more concerned with modern 
technology and scientific management, the rational and precise 
nature of engineering training is of increasing value in adminis- 
trative and executive positions. For this reason, there are many 
top- and middle- management posts in industry that are occupied 
by engineers, who although they do not use their technical 
knowledge in everyday duties, frequently find that critical 
decisions required of them call for technical as well as business 
judgements. 

As an example, the purchasing function in manufacturing and 
fabricating industries is frequently exercised by persons with an 
engineering background. There may be several engineers of 
diverse technical backgrounds in a large purchasing operation, 
with one heading the department or division as manager or vice- 
president. 

Advancement to these positions usually leads to duties with less 
and less technical content as the administrative function becomes in- 
creasingly important, and many qualified engineers performing 
this function undoubtedly consider themselves primarily executives 
rather than engineers. 


THE MAJOR FIELDS OF ENGINEERING 


The early development of engineering took place centuries ago 
and was concerned with building fortifications, roads and canals 
for military purposes. Gradually practitioners in the field became 
recognized as military engineers, and builders engaged in the 
design and construction of civilian works were known as “‘civil”’ 
engineers. Thus the early field of “‘civil’? engineering included all 
works of a non-military nature. 

As scientific knowledge expanded during the 19th century, some 
civil engineers began to work in the emerging fields of mechanical, 
chemical and electrical engineering, and these specialties gradually 
became recognized as separate branches of ‘‘civil’” engineering. 
By the turn of the century this trend had become well established 
and the term “‘civil engineer’? was applied only to those engaged 
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in the design and construction of buildings, bridges, highways 
and railway rights-of-way, as examples. 


CIVIL ENGINEERING 


Civil engineers design and supervise the construction of roads, 
harbours, airfields, bridges, tunnels, buildings, water supply and 
sewage systems. Many specialize in one phase of civil engineering, 
such as, hydraulic-, sanitary-, or highway-engineering. Others 


Water resources engineer takes measurements on tower feed 
and affluent. C.S.Ch.E. 
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occupy administrative positions ranging from supervisor of 
construction projects to executive. They are often involved in 
large-scale projects where the natural environment presents great 
challenges to their professional skills. Because of this, one of the 
prerequisites of the design and construction of many civil engi- 
neering works is a thorough knowledge of the surrounding ter- 
rain. Such information may be obtained from existing maps or it 
may be necessary to conduct surveys; these may be restricted to 
topographical detail or include information about the sub-soil, 
rock structures and water flow. 

Many famous civil engineering works relate to the use of 
liquids; typical of these are the Churchill Falls hydro-electric 
development in Labrador, the St. Lawrence Seaway, and the 
Canada-wide pipeline systems for oil or slurries. These projects 
all required large numbers of civil engineers with a basic under- 
standing of hydraulics, hydrodynamics, and hydrology, as well as 
others with special skills in soil mechanics, foundations, structural 
design and heavy construction. 

While mass concrete and steel superstructures are normal in 
large developments, new techniques using pre-stressed concrete 
or very high tensile structural steels, and other newly-developed 
materials and systems have opened up new vistas for the structural 
designer. These have made possible large dome-shaped structures 
and pre-stressed concrete bridges. 

Other fields of interest to the civil engineer are found in urban 
planning and regional development. Here a wide variety of skills 
are used to provide transit systems, airports, water supplies and 
freight transportation as well as environmental controls to main- 
tain an acceptable standard of air and water purity and noise 
levels. 


CHEMICAL ENGINEERING 


Chemical engineers are mainly concerned with systems in which 
matter undergoes some conversion in the manufacturing of a 
product. As distinct from chemists, whose interests are in the 
fundamentals of chemical reactions, chemical engineers are en- 
gaged in the design and operation of industrial plants, and in 
supervising the research and development whereby processes and 
products are improved and new ones are conceived. For example, 
the production of nylon; food products (instant coffee); the re- 
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Chemical engineer conducts kinetic and catalytic studies of 
sulphur recovery by Claus process. C.S.Ch.E. 


covery of chemicals from noxious wastes; and the conversion of 
crude oil into fuels, lubricants and petrochemicals. 

The chemical engineering approach is to reduce these diverse 
processes to a series of basic operations such as distillation, 
filtration and mixing, each of which is fundamentally the same 
in all process industries. 

Chemical engineers are vitally concerned with change: new 
products and processes are developed in the laboratory and ways 
must be found to adapt them to operations on an industrial scale. 
Starting from the laboratory stage, where precision instruments 
are used and the unit of measurement is often the gram, the en- 
gineer must bridge the gap to the commercial production process, 
in which tons of material are moved by conveyors or pipelines 
and processed in large vessels equipped with automatic controls. 
To cope better with continuous processing, there is a marked 
increase in the use of computer controls both in the research 
laboratory and on the production line. In fact the study of com- 
puter science has become an integral part of the chemical en- 
gineering program at all universities. Chemical engineers have 
contributed much to the development of this technology. 
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The diversity of chemical products allows the engineer a wide 
choice of many fascinating fields. For example, polymer engineer- 
ing which deals with the forming and processing of long molecules 
in the manufacture of synthetic rubber and plastics; the manu- 
facture of synthetic fibres such as nylon, acrylic and polyester, 
which are used in textiles; and the production of epoxy resins 
which, used with fibreglass permit vastly improved strength-to- 
weight ratios. 

In the reverse process of polymerization, we find chemical 
engineers in petroleum refineries, breaking down molecules of 
crude oil into smaller molecules to yield fuels, lubricants, and a 
large variety of by-products such as butane. 

Other interesting fields are in pulp and paper, the processing 
of mineral ores, air- and water-pollution control, pharmaceuticals 
and protective coatings. Along with other specialists, chemical 
engineers, work in such fields as space technology and biomedical 
engineering. 


ELECTRICAL ENGINEERING 


Electrical engineers are concerned with the production and 
distribution of electrical power and electrical signals. Those en- 
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Electrical engineer investigates realization of negative resistance, 
for use in an A.C. power system model, U.B.C. 3 
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gineers specializing in the power field, design, develop and evaluate 
heavy machinery, and power transmission and distributing sys- 
tems used by utilities, as well as electrical appliances and control 
systems used by industry, commerce and the public. Engineers 
specializing in the field of electrical signals, design, develop and 
evaluate television, radio, telephone and other communication 
systems, computers and data processing equipment and a wide 
variety of metering devices. 

Work is usually conducted in an office equipped with reference 
books and other sources of data. At times, engineers are required 
to make field trips to study problems and discuss them at first 
hand with other specialists or clients. 

Electrical engineers often work on projects as members of a 
team comprising scientists, engineers from other specialties and 
technologists. For example, civil engineers are involved in the de- 
signing of power houses and transmission systems; mechanical 
engineers in the designing of machinery; chemical engineers in the 
designing of electromechanical processes; while the designing of 
radar and navigating equipment calls for specialists in aeronautics, 
meteorology and astronomy. 


MECHANICAL ENGINEERING 


Mechanical engineers are concerned with the design, manufac- 
ture and operation of machinery that produces, transmits or uses 
power or heat energy. They design and develop internal combustion 
engines, steam and gas turbines, jet and rocket engines and nuclear 
reactors. The types of equipment which are the concern of the 
mechanical engineer are too numerous to list, but refrigeration and 
air conditioning installations, elevators, machine tools, printing 
presses and steel-rolling mills are a few examples. 

Mechanical engineers tend to specialize in such fields as machine 
design, heating, ventilation and air conditioning, refrigeration, 
automobile components, and electric generating plants—both 
thermal and hydro. 

In general, mechanical engineers prepare designs and cost esti- 
mates for machines, mechanisms and industrial processes. They 
analyse and solve problems by conducting research and correlating 
data, and supervise the preparation of drawings and specifications. 
They direct feasibility studies, construction modifications, and the 
testing of prototypes, products or pilot plants. Evaluation may be 
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made of installed plants, industrial processes and products to en- 
sure compliance with specifications and procedures. 

Despite the emphasis on theory, mechanical engineers are prac- 
tical people. At university they do much laboratory work and often 
simulate designs and build models or even prototypes. While pri- 
marily concerned with theory in the office they must be prepared to 
follow their design through the manufacturing process and check 
its suitability in use. 

It is clear that the skills listed above are used in many industries. 
The traditional mechanical industries are the railway, power plant, 
automotive, metal, farm implement, heavy equipment and machine 
tool industries; however, mechanical engineers work in non- 
mechanically oriented industries, such as pulp and paper, electrical 
equipment, utilities, computers, oil and chemical processing, 
rubber and instruments. 


GEOLOGICAL ENGINEERING 


Geological engineering entails the study of rocks and unconsoli- 
dated sediments (sand, gravel and clays) to determine the mineral 


Geological engineers with electromagnetic hoops adjust equip- 
ment. C.1.M.M. 11968 


content and relationship of the surface and subterraneous structure 
of particular areas. Knowledge gained is used in planning the con- 
struction of bridges, dams, highways, railroads and buildings and 
to aid in exploration and development of mineral deposits. Geo- 
logical engineers combine an understanding of engineering prin- 
ciples and practices with the science of geology. 

The geological engineer may work outdoors or in a research 
laboratory. He may travel widely or remain fairly static in a mining 
town, a university or as a member of a government department of 
mines, or he may work as a consultant with an office based in a 
major city. 


Mining engineer pulverizes ore samples in vibratory mill; 
C.I.M.M. 55502-2 
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MINING ENGINEERING 


Mining engineers are involved in the planning, organizing and 
management of the varied and complex operations of mining. 
Specialized training enables them to cope with the technological 
problems of the extraction of ore, and in co-operation with metal- 
lurgists they study problems of ore processing at the mine. Some 
mining engineers specialize in rock mechanics, or in mine design 
and mining methods, and must give serious consideration to proper 
ventilation, air-conditioning and safety. Others may be involved 


Mining engineer checks a core at the Potash Mine, Esterhazy, 
Sask, N.F.B. 100890 
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in the economics of mining, and concentrate on systems analysis 
and control, a field that includes economic analysis, operations 
research, statistical evaluation and the use of computers. 

Mining engineers work on such wide-ranging projects as 
structural design, marketing, community planning and the ex- 
traction and processing of ores. In other situations, they design 
dam foundations, highway roadbeds, tunnels and underground 
powerhouses. Most, after several years experience, specialize in 
a particular field. 

Mining engineers must have a good general knowledge of the 
physical sciences and of related engineering fields, plus a special 
knowledge of fields peculiar to mining. They are trained in the 
principles of geology and general engineering, and must keep 
abreast of current economic trends and the latest developments 
in the technology of mining, mineral processing, metallurgy and 
related sciences. A career in mining engineering offers travel op- 
portunities, varied surroundings, exposure to other cultures and 
contact with many interesting people. 


METALLURGICAL ENGINEERING 


Metallurgical engineers develop methods of processing ores and 
converting metals and minerals into useful products. They generally 


Metallurgical engineers in laboratory. D.H. 26066 
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Metallurgical engineer using a miniature kiln, experiments in 
the direct reduction of iron ores into usable metallic iron. 
C.1.M.M. 60196 


work in one of three areas—mineral processing metallurgy, ex- 
tractive metallurgy and physical metallurgy. The first encompasses 
the treatment of an ore to concentrate the desired minerals (bene- 
ficiation) and to produce workable mineral concentrates. The 
second is concerned with the extraction of metal from ores and 
the refining of it to obtain pure metals. The third area deals with 
the properties of metals and alloys and with methods of converting 
refined metal into useful products. 

Mineral processing engineers study ore samples and recom- 
mend methods of concentration to provide the highest recovery at 
the lowest cost. This requires familiarity with mining, smelting 
and general engineering practices, and an awareness of current 
technology and market prospects. 

Extraction metallurgy engineers deal with the separation of the 
metal from the mineral in which it occurs, after the processing or 
beneficiation. This is generally achieved by smelting, leaching or 
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electrolysis; however, new and improved techniques may have to 
be developed. Such work requires a knowledge of inorganic and 
physical chemistry, fluid flow and heat transfer. 

Physical metallurgy engineers study the properties of metals 
and resolve problems encountered in their conversion and use. 
This may require research in metal physics or it may be in the 
practical aspects of metal fabrication or cost. They may study 
corrosion or be employed in developing new alloys, such as are 
used in the nose cone of an interplanetary rocket. These engineers 
may be interested in the grain-structure and atomic structure of 
metals and use high-powered microscopes, X-rays, spectrographs 
and electron probes. 

Metallurgical engineers are in demand throughout Canada. The 
discipline calls for a firm grasp of such subjects as chemistry, 
minerology, physics, mathematics and mechanics; post-graduate 
training is often essential. 


PETROLEUM ENGINEERING 


Petroleum engineers study the earth’s crust in relation to its 
deposits of oil and gas and their recovery for commercial use. This 
involves the design and drilling of wells, pipeline design and con- 
struction, as well as the refining of crude oil and the removal of 
impurities from natural gas. The work is inter-disciplinary, involv- 
ing chemical, civil, mechanical, electrical and geological engineer- 
ing. Engineers trained in Canada come directly from one of these 
disciplines, frequently with a year or two of graduate work in 
petroleum engineering. 

The major aspects of the engineer’s work are well drilling, 
design of the casing and production equipment, and control of an 
operation to achieve the maximum recovery of oil and gas. The 
latter requires a special knowledge of the behaviour of high-grade 
hydrocarbon mixtures, of the porosity and permeability of rocks 
and of the flow of oil, gas and other fluids through porous media. 
With some wells reaching a depth of three or more miles, it is 
obviously a major engineering operation. 

The commercial exploitation during the last few years of the 
tar sands of Northern Alberta illustrates the development of a new 
technology. These surface sands, rich in bitumen, hold vast re- 
serves of recoverable oil; recent research and development work 
is continuing to improve extraction technology. 
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The pipelines running from Alberta to the refineries of eastern 
Canada provide. many interesting challenges. Here the use of 
automation and automatically controlled flow-regulating devices 
is essential from an economic point of view and the process control 
computer is much in use. 

With the world-wide demand for energy from all sources con- 
tinually increasing, a large proportion of future needs will be met 
by oil and gas. 


ENGINEERING PHYSICS OR SCIENCE 


Engineering physicists or scientists utilize the theory and know- 
ledge developed by physicists and chemists to design machinery 
and processes; their specialty occupies the middle ground between 


Engineers conduct stress experiments in industrial engineering 
laboratory, University of Toronto. NFB 63-518/488 
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the scientist and the engineer. Discoveries in the physical sciences, 
when translated into practical methods and machinery by the 
engineer, are used to further advances in other sciences; they are 
also important for providing new goods and services for the 
country. An understanding of the properties of light, electricity, 
magnetism, heat, sound, matter and the nature of chemical reac- 
tions are included in the working field of the engineer. It also 
embraces atomic or nuclear physics, fluid mechanics, optics, acous- 
tics, aeronautics, geophysics and chemical processes. 

Engineering scientists frequently conduct research for industry, 
government laboratories and universities. They may conduct tests 
made in the wind tunnel facilities of a government laboratory, be 
engaged in the design and application of laser apparatus, or con- 
cerned with the development and operation of a radio telescope. 
They may be employed in a design office in industry, performing 
mathematical calculations related to aircraft performance or the 
stability of a structure: or they may work in a university laboratory 
studying the properties of the ionosphere or the stability of a 
satellite vehicle. 


AEROSPACE ENGINEERING 


Aerospace engineers are concerned with the construction and 
operation of airborne and space vehicles and their associated 
ground systems. 


Aerospace engineer conducts de-inhibiting runs and calibration 
of Viper delivery flows on model aircraft engine. D.H. 20708 
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Aerospace engineer measures thrust in DH Augmentor Wing 
model engine. D.H. 20995 


Canada, despite its relatively small population, has made sub- 
stantial contributions to aerospace technology. Canadian engineers 
have worked on the design and manufacture of jet engines, rocket 
motors and aircraft for a wide variety of roles, including craft with 
vertical and short take-off and landing capabilities. In addition, 
sophisticated vehicles for operation outside the earth’s atmosphere 
have been designed, built and operated. This is also true of spe- 
cialized airborne and ground equipment. 

Aeronautical engineers are vital members of the aerospace 
team. They handle problems related to aerodynamics and hydro- 
dynamics, and often use complex wind tunnels or laboratory 
equipment in the course of research and development. Owing to the 
high cost of these facilities, they are normally operated by the 
federal government or the larger industries. Aeronautical engi- 
neers, in addition to contributing knowledge of their specialty, 
frequently co-ordinate or lead the team. 

Modern aerospace technology, as practised in industry, requires 
the services of specialists whose basic training has been in at least 
one of the following disciplines: mechanical-, electrical-, civil-, 
chemical- or metallurgical-engineering, engineering science or 
mathematics. 
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BIOMEDICAL ENGINEERING 


Biomedical engineers use engineering knowledge to improve the 
physical and mental well-being of man. The main function is to 
bridge the gaps between biology, medicine and engineering so that 
new knowledge can pass easily and fruitfully between the disciplines. 

Biomedical engineering embraces a large number of specialties; 
the most modern of these are systems and control engineering, bio- 
instrumentation engineering, applied biophysics, applied biomath- 
ematics, environmental engineering and computer bioscience. Prac- 
titioners in this field are engaged in all aspects of engineering; from 
research, through design and development to service and main- 
tenance. Examples of current activity are: computer-controlled 
biochemical autoanalysers (for blood chemistry, etc.); bio-tele- 
metry; machines which perform the functions of such vital organs 
as the kidneys, heart and lungs; prosthetics; control system studies 
of eye movement, posture and locomotion, thermo-regulation, 
hormonal systems, neural networks; computer-aided processes for 
pattern recognition of electro-cardiograms and tissue samples used 
in diagnosis and mass screening. 


Biomedical engineer conducts test during research on a reading 
machine for the blind. U.B.C. 1 
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Biomedical engineers use computer to synthesize and recognize 
human speech. U.B.C. 2 


Biomedical engineers are employed in hospitals, industry, gov- 
ernment and universities. Newly trained biomedical engineers are 
now entering research and teaching faculties at universities, or 
working as members of biomedical engineering departments in 
hospitals and large industrial firms. 

The tremendous advances in medicine and biology currently 
being made have rendered the biomedical engineer a vital member 
of the modern health team. 


AGRICULTURAL ENGINEERING 


Agricultural engineers apply the principles of agricultural 
science and engineering to develop equipment and methods for 
improving efficiency in the production, harvesting, processing and 
distribution of agricultural products. 

Work may be associated with power development and ma- 
chinery design for the production and handling of agricultural and 
horticultural crops; with the design of structures and systems for 
the housing and handling of live-stock; with the management, 
utilization and pollution control of water and the soil; with the 
utilization of electrical energy and processing in the mechanization 
of farm systems; or in co-operative research in many areas of 
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Environmental engineer uses bubble tower to conduct pilot study 


of sterilization of municipal waste by ozone. C.S.Ch.E. 
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bio-engineering. Engineers may be employed in a wide variety of 
private industries which produce machines and equipment and 
supply services, or which handle agricultural products for the 
agricultural industry. Some are employed in teaching and research 
by institutions of learning and government agencies. Others work 
as engineering consultants. 

Degree courses in design, development and other aspects of 
agricultural engineering are offered by one French-language and 
six English-language universities. 

For students who are interested primarily in sales and service 
work in the agricultural industry, a BSc in Agriculture with a major 
in Agricultural Mechanization is generally sufficient. 


OTHER SPECIALTIES 


The field of engineering is continually expanding to include 
other specializations; for example, ceramic engineering, textile 
engineering, weather engineering, marine engineering and environ- 
mental engineering. 


PERSONAL QUALITIES 


A young person considering a career in engineering should have 
an innate curiosity about the phenomena and laws of nature and a 
strong desire to find the answers. This is generally shown by a 
keen interest and ability in mathematics, chemistry and physics. 

Engineers apply scientific principles to the solution of practical 
problems; there may be several alternatives with the final choice 
being dictated by form, function and cost. Consequently, imagina- 
tive, creative and analytic qualities are most desirable in the 
make-up of a prospective engineer, together with the ability to 
understand the economics of a problem, and to work consistently 
and carefully. 

The preparation of plans and specifications is a normal engineer- 
ing responsibility; equally or even more important is the ability to 
communicate clearly and effectively, orally or in writing, with 
assistants, employers and colleagues. 

Engineers must be able to work well with other people, both in 
delegating work to subordinates and in working for senior col- 
leagues or for clients. They require qualities of leadership to 
convince and persuade others and to maintain a professional role. 
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PREPARATION AND TRAINING 


Students are advised to discuss their career plans with their 
guidance counsellors or teacher during the early years in high 
school or secondary school; help and advice based upon the 
student’s academic record and aptitudes can thus be provided. 

It is customary to enter engineering through a recognized 
course of studies in university leading to a bachelor degree in either 
engineering or applied science. 

For university acceptance, an applicant usually has graduated 
from high school or secondary school with recognized standing 
in such subjects as mathematics, physics, chemistry and English 
or French. A number of universities also require applicants to take 
an entrance examination or test. 

It should also be noted that university entrance requirements, 
fees, and course content are continually changing: counsellors 
should be consulted for information on these changes. Further 
information may also be obtained by writing to the university or 
college registrars or to a provincial department of education. In 
the province of Quebec the first two years of study leading to a 
bachelor degree in engineering are provided by many of the 
Colleges d’Enseignement Général et Professionnel, popularly 
known as CEGEP’s. These two years are recognized by universities 
throughout the province and in other parts of Canada, and the 
student is permitted to register at an advanced level. 


University 


A bachelor degree program generally requires four years of 
university study. The first year is the same for all engineering 
students; in the second and subsequent years, they specialize in a 
particular branch of engineering such as Civil, Electrical or 
Mechanical. 

Today, the student is exposed to more advanced mathematics, 
more basic science, and makes much greater use of the laboratory 
and of scientific method. He is taught to be original and creative 
in his thinking; to innovate and to cope with the rapid changes of 
modern technology. Curricula include physics, mechanics, strength 
of materials, kinetics, gas- and thermo-dynamics, heat transfer, 
fluid flow, control-systems, and nuclear physics. These broad areas 
include many courses in mathematics, design theory and the use of 
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Electrical engineering students at University of British Columbia. 
U-B-C. 5 


digital and analog computers, and are integrated by the study of 
analysis and design. 

Undergraduates are generally required to satisfy the college or 
faculty of engineering that they have completed a requisite amount 
of practical work related to engineering. Requirements range from 
laboratory or field work at the university to summer vacation 
employment. 


Fees and Living Expenses 


The approximate range of annual fees for tuition is from $475 
to more than $700, depending on the institution. Living expenses 
must also be considered, especially if the student lives away from 
home. Accommodation, including room, board and laundry, may 
cost from $700 to $1,000 a year. Such items as transportation, 
text-books and supplies, clothes, entertainment, and other personal 
expenditures are in addition to this. University calendars usually 
give information on fees, type of accommodation available and 
approximate cost. 

Part of the cost of attending university can be met by paid 
employment during summer vacations. There is also a steady 
increase in financial assistance for deserving students in the form 
of scholarships, bursaries, grants and loans. Details may be 
obtained from school principals, vocational guidance counsellors 
or from university calendars. 
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Post-Graduate Study 


Engineering is a dynamic profession which, in common with 
the physical sciences, is continually developing. The new graduate 
has been educated only in the basics of the profession and to be 
successful must keep informed of major developments in physics, 
chemistry and mathematics and their application to engineering 
problems. 

A master’s degree, and preferably a doctorate are usually 
required by those intending to follow a career in teaching or 
research. 

After the bachelor’s degree, at least one full year is required to 
obtain a master’s degree. At least two full years after the master’s 
degree are required for the doctorate. While a small proportion of 
engineers are not university graduates, almost all during the past 
ten years or more have been university trained. There is an in- 
creasing emphasis on higher education as a minimum requirement, 
and an increasing demand for engineers with master’s degrees or 
doctorates. Surveys by the National Research Council reveal that 
the number of students enrolled in graduate engineering studies at 
Canadian universities rose to 3,600 (1968-1969) from 1,100 
(1962-1963), an increase of over three times in this six year period. 


Qualifying By Private Study 


It is possible for persons not holding an engineering degree to 
study privately, pass examinations set by the provincial associa- 
tions of professional engineers, and in that way qualify as profes- 
sional engineers (P.Eng.—Eng. in Quebec). This takes many years 
to do by home study, with little recognition along the way, and 
only a small number have been successful. For further information, 
prospective candidates should consult the secretary of the associa- 
tion in their province (see below for list of associations and 
addresses). 


ENTRY INTO THE PROFESSION 


The prime requisite for entry into the engineering profession is 
technical competence gained through adequate education, training 
and practical experience. Those wishing to use the title “‘Engineer 
(Eng.)” in Quebec and the title “‘Professional Engineer (P.Eng.)”’ 
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in other parts of Canada, and legally practise the engineering 
profession, must be registered with their provincial association of 
professional engineers. 

Registration as a professional engineer requires, as a minimum 
qualification: (a) a bachelor degree in engineering or equivalent 
from a recognized university or college, and two years of ac- 
ceptable engineering experience; (b) the passing of examinations 
set or approved by the provincial associations in lieu of a degree. 
An engineering graduate who is in the process of attaining the 
required experience may use the title ‘“‘Engineer-in-Training”’ or, 
in Quebec, “Junior Engineer’. Undergraduates in university, or 
persons planning to write the examinations set by an association, 
may be registered with the association as students. Details of entry 
requirements for each province may be obtained from the follow- 
ing: 

—The Canadian Council of Professional Engineers, 
Suite 401, 116 Albert St., 
Ottawa 4, Ontario. 
—Association of Professional Engineers of Alberta, 
604 Royal Trust Building, 
Edmonton, Alberta. 
—Association of Professional Engineers of British Columbia, 
2210 West 12th Avenue, 
Vancouver 9, B.C. 
—Association of Professional Engineers of Manitoba, 
177 Lombard Avenue, 
Winnipeg, Manitoba. 
—Association of Professional Engineers of New Brunswick, 
123 York St., 
Fredericton, N.B. 
—Association of Professional Engineers of Newfoundland, 
Pe Box sks 
St. John’s, Nfld. 
—Association of Professional Engineers of Nova Scotia, 
P.O7 Box 129, 
Halifax, N.S. 
—Association of Professional Engineers of Ontario, 
236 Avenue Road, 
Toronto, Ontario. 
—Association of Professional Engineers of Prince Edward Island, 
242 North River Road, 
Charlottetown, P.E.I. 
—Corporation of Engineers of Quebec, 
2050 Mansfield St., 
Montreal, Quebec. 
—Association of Professional Engineers of Saskatchewan, 
2220 Twelfth Avenue, 
Regina, Sask. 
—Association of Professional Engineers of Yukon Territory, 


MO Box 812 
Whitehorse, Y.T. 
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SEEKING EMPLOYMENT 

According to recent statistics most engineers work as salaried 
employees. Consequently, to become established in the profession 
they usually seek an employer and satisfy him as to their personal 
qualifications and technical competence. Several sources of as- 
sistance are available to engineers and engineering students 
seeking employment. 

Information about job opportunities can be secured from 
university placement officers, who work in co-operation with the 
Executive and Professional Division of the Canada Manpower 
Centres. 

In addition, professional and technical associations provide 
services designed to bring together prospective employers and 
engineers seeking employment and offer advice to engineers 
seeking a change of employment. 

Daily and weekly newspapers, technical journals and company 
brochures often list engineering opportunities both in government 
and private enterprise. Many students make contacts through 
summer employment thereby obtaining permanent positions upon 
graduation. 

Governments at all levels—municipal, provincial and federal— 
are large employers of engineers. Competitions for engineering 
positions with the federal government are posted in public build- 
ings such as post offices, local Canada Manpower Centres and 
offices of the Public Service Commission. 


WORKING CONDITIONS 

Professional engineers work under widely varying conditions, 
depending on their function at a particular time and the field in 
which they specialize. They may be called from the relative quiet 
of a research laboratory or design department to the heat or noise 
of the factory shop; they may leave the comfort of the engineering 
office and travel great distances to do a feasibility study or to take 
care of an emergency at a distant engineering project. Engineers 
are employed throughout Canada, though most live and work 
in Ontario, Quebec, Alberta or British Columbia. Although en- 
gineers are concentrated in large urban centres, they may be 
required to work in remote and sometimes isolated areas. Many 
Canadian engineers are also working on projects in foreign coun- 
tries. 
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The work day usually conforms to the plant or office hours of 
their employer; however, an emergency, attention to a difficult 
technical problem, or the meeting of a production deadline, may 
necessitate longer hours. Engineers also have a professional re- 
sponsibility to keep abreast of technical developments in their field 
by reading, conferring with engineering colleagues, attending 
seminars and taking courses. 


EARNINGS AND ADVANCEMENT 

Salary and promotion reflect the individual’s responsibilities, 
performance and qualifications. High technical competence is 
usually well rewarded; for the experienced engineer the most 
remunerative positions are in consulting, administration and in- 
dustrial research. Higher salaries are generally paid for service in 
remote areas, probably as a form of compensation for the more 
demanding conditions and isolation. 

Newly-graduated engineers are often assigned a variety of jobs 
to help them get acquainted with the firm’s operations. Most large 
employers have long-term plans for expansion and encourage the 
ambitious by company-sponsored training courses while on salary, 
either on their premises or at neaiby educational institutions. Trips 
to technical meetings are arranged and committee and seminar 
activity is fostered, so that young engineers can learn by contact 
with experts in their field. Many firms have excellent libraries and 
laboratories and make time available for research. 

Careers in engineering are very varied, depending on circum- 
stances and individual ability, and no single example can be con- 
sidered representative. Generally, however, the new graduate is 
assigned routine duties under close supervision in office, plant, 
field or laboratory. The degree of supervision is gradually relaxed 
and with experience the young engineer assumes increasing tech- 
nical responsibility. Demonstrated engineering ability and manage- 
ment qualities may lead to promotion to senior engineering or 
management levels. Some engineers may establish their own con- 
sulting services. 

A substantial and increasing number of high-level executives of 
medium- and large-size industrial concerns have had engineering 
training. Approximately five percent of all professional engineers 
in Canada are self-employed as consultants. Annual salaries are 
directly related to qualifications and the level of responsibility of 


47 


the individual, and are among the highest in the professions. Coun- 
sellors and placement officers should be consulted for current data 
on salaries. 

A word of caution. An attractive salary should be only one of 
several considerations when seeking a job. The interest, challenge 
or opportunities for professional development offered by various 
types of employment should be carefully investigated in terms of 
one’s personal aspirations and values. 


EMPLOYMENT OUTLOOK 


Engineering activity varies from year to year, depending on 
economic conditions, causing short-term fluctuations in the de- 
mand for engineers. High school students are advised not to base 
their career decisions on short-term and often transitory employ- 
ment conditions. There is a notable coincidence, for example, in 
the slackening demand for engineers in certain years and a cor- 
responding decrease in engineering faculty enrolments for these 
years. The decision by a student in the final year of high school to 
become an engineer may not bear fruit for nearly five years, during 
which time conditions may change. 

Basically, the employment outlook depends on the growth po- 
tential of those industries which employ the most engineers, and 
upon trends in these industries which would make the functions 
performed by engineers more or less important. 

Apart from industrial growth, there is reason to believe that 
the demand for services which engineers provide will increase even 
more rapidly. Economic growth is becoming more and more 
dependent on the practical application of as many as possible of 
the latest scientific discoveries. The transformation and application 
of these ideas to industrial and commercial use is, of course, a 
prime task of the engineer. 

The wide range of tasks performed by engineers has already been 
outlined, and it should be re-emphasized that employers do not 
hire them only for complex technical jobs, but also for administra- 
tive and executive positions. Many firms hire engineers, usually new 
graduates, because of their suitability for a specific technical job, 
and because of their potential with the firm. It is expected that they 
will be able, through training and experience, to make an impor- 
tant contribution in a variety of positions, including, in due course, 
management itself. 
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To summarize, employment prospects for engineers in Canada 
appear very good. Industrial growth and rapidly expanding tech- 
nology are expected to create job opportunities in this field for 
many years to come. 


RELATED OCCUPATIONS 


More and more engineering projects are carried out by teams 
which are made up of engineers, engineering technologists and 
engineering technicians. In general, technologists and technicians 
perform the following duties: 


ENGINEERING TECHNOLOGISTS 


Assist engineers and other technical workers (or work in- 
dependently) in the research, design, and development of 
products, systems, processes and equipment by analysing 
technical problems, co-ordinating the construction of 
working models, pilot plants and similar prototypes, and 


Engineer directs technicians in calibration of pressure gauges by 


use of deadweight tester. CANADAIR 8943 
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by developing and interpreting design specifications for 
complex equipment and processes, based on engineering 
requirements. 

Represent engineers on work or test sites to ensure com- 
pliance with design specifications; study objectives and 
standards relating to production or quality control, and 
industrial or construction safety. 

Examine and evaluate assignments, define problems, de- 
termine procedures to arrive at solutions, and schedule 
work. 

Obtain or prepare detailed estimates of time, labour and 
material quantities and costs for work in such areas as 
product design testing, construction projects, equipment 
installations, and manufacturing processes. 

Diagnose malfunctions of complex equipment or pro- 
cesses, resolve production or test problems, plan and carry 
out corrective action or direct other workers in rectifying 
problems. 

Conduct work studies and method analyses, and perform 
statistical calculations necessary for establishing work 
standards. 


Engineer and technologist operate machine to prepare layouts 
and to check tapes for numerical-controlled drafting machines 
in shops. CANADAIR 53225 
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Interpret and evaluate experimental, test, and other data 
and prepare reports and recommendations based on 
evaluations. 

Oversee and co-ordinate activities of technicians, skilled 
craftsmen and other workers engaged in various aspects 
of technical assignments. 


ENGINEERING TECHNICIANS 


Interpret work assignment instructions; select and adapt 
standard procedures, techniques and equipment and es- 
tablish work sequence. 


PL 


Instrumentation engineers and technician instal accelerometers 
in tailplane of aircraft. CANADAIR 8937 


Prepare, mark, measure or weigh test materials or samples, 
using various standard techniques and equipment. 
Construct, install, maintain, repair, calibrate and modify 
standard equipment or systems according to standards, 
tests or instructions. 
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Adapt and construct auxiliary devices for tests, and operate 
standard equipment to test materials, samples and pro- 
ducts. 

Make calculations and prepare charts, graphs and sup- 
porting data for reports. 


Engineer and technicians instal DHC-5 Buffalo half model as- 
sembly in wind tunnel. D.H. 14506 


Training in engineering technology is obtained by enrolling in 
a program at a recognized educational institution. Such programs 
are offered throughout Canada in more than forty community 
colleges and allied educational institutions. 

Most courses offered by community colleges, although leading 
to occupational qualification, are not recognized by universities. 
Some institutions, however, particularly colleges d’enseignement 
général et professionnel (CEGEP’s), in addition to diploma courses, 
offer two years of post-secondary studies which may be counted 
towards a degree. Persons wishing to advance their careers at a 
later date should, therefore, consider carefully before selecting a 
program of studies. 


a2 


Course length varies from one to three years, and subjects in- 
clude mathematics, physics, engineering and technical report 
writing. In most institutions course programs are progressive, and 
graduates of one-year and two-year courses can upgrade their 
qualifications by completing the following year. One year-courses 
prepare students for employment as technicians; graduates of two- 
year courses qualify as senior technicians; and those successfully 
completing three-year courses qualify as technologists. Graduates 
are awarded diplomas or certificates. Tuition fees, including books 
and supplies, range from $200 to $450 a year. 

Financial aid, such as bursaries, scholarships and long-term 
loans, are available to students with demonstrated ability. 
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SOURCES OF ADDITIONAL INFORMATION 


The organizations of professional engineers welcome inquiries 
on matters relating to the engineering profession. The Canada 
Manpower Centre in your area can provide labour market and 
training information. University calendars, available on request, 
provide information on academic requirements, course content, 
financial aid, and tuition and living costs. Specific questions may 
be directed to the appropriate faculty member. 

Practising engineers possess a wealth of first-hand experience 
which they are usually willing to share with the interested student. 
Since this source provides a very individual point of view the 
student should, if at all possible, talk to several engineers of various 
ages and in several specializations. 

Almost any issue of the daily newspapers and financial publica- 
tions contains some reference to engineering. Technical journals 
and books on engineering are available in public libraries. The stu- 
dent who is alert to engineering information will notice the abun- 
dance of such items. In this way a knowledge of the discipline in 
Canada and the world may be accumulated. 

Biographies of successful professional engineers often provide a 
clearer understanding of the qualities that make a good engineer 
and the challenges and rewards that engineering has to offer; 
perusal of several of these will be rewarding to a prospective 
student. 
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Other Organizations With Engineering Membership 


—The Engineering Institute of Canada 
2050 Mansfield Street, 
Montreal, Quebec. 


--Canadian Society for Chemical Engineering, 
fo lssiater street, 
Ottawa 4, Ontario. 


—The Canadian Institute of Forestry, 
10 Manor Road West, 
Toronto 7, Ontario. 


—The Canadian Forestry Association, 
4795 St. Catherine St. West, 
Montreal, Quebec. 


—Association of Consulting Engineers of Canada, 
176 St. George Street, 
Toronto 5, Ontario. 


—Canadian Society of Agricultural Engineering, 
c/o Ontario Agricultural College, 
Guelph, Ontario. 


—The Canadian Pulp and Paper Association, 
Technical and Woodlands Sections, 
Sun Life Building, 
Montreal, Quebec. 


—The Canadian Aeronautics & Space Institute, 
77 Metcalfe Street, 
Ottawa 4, Ontario. 
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FOREWORD 


During recent years there has been a steadily increasing demand 
for Canadian occupational information. The demand comes from 
young people faced with the need of choosing a career and 
preparing for it; from parents, teachers and vocational guidance 
counsellors; from workers wishing to change their occupations; 
from employment service officers; from personnel directors and 
union Officials; from prospective immigrants to Canada and from 
other quarters. 


CANADIAN OCCUPATIONS monographs are designed to help meet 
this demand. Each booklet describes, among other things, the 
nature of the occupation or groups of occupations, entrance and 
training requirements, working conditions and employment out- 
look. 


The series has been prepared with the generous assistance of 
representatives of management, trade unions and professional as- 
sociations. The co-operation of the Unemployment Insurance 
Commission, the Vocational Training Branch of the Department 
of Labour, and the Dominion Bureau of Statistics is gratefully 
acknowledged. 

Occupational information tends to become dated as a result 
of changes in economic conditions, in industrial technology and 
in wage and salary structure. Revision of outdated publications 
is a regular feature of the series. 

This booklet is a revision of the science monographs previously 
contained in Careers in Natural Science and Engineering and was 
prepared for the Manpower Resources Division by the Occupa- 
tional Analysis Section under direction of William Allison. The 
Branch is greatly indebted to the many scientists and scientific 
organizations whose assistance made this monograph possible. 


J. P. FRANCIS, 

Director, 

Economics and Research Branch, 
Department of Labour. 


December 1961 
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Scientists work quietly in the background to provide new 
knowledge. Here is a corner of an industrial laboratory. 


Photo: Canadian General Electric 
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CAREERS IN NATURAL SCIENCE 


We are living in a society firmly based on 
technology which, in turn, is firmly based on 
science. As technology becomes more complex, 
more and more well-educated scientists will 
be needed. 

Dr. E. W. R. STEACIE, 


President, National Research Council. 


Faced with strengthening competition in world markets, Canada 
must vigorously expand the development of her natural resources 
and capacity for production. 


We have already gone a long way. Evidence of our development 
is seen in more efficient utilization of soil, forests, minerals and 
fisheries, and in the growth of a highly complicated and diversified 
manufacturing economy. The combination of raw materials, power, 
working capital, and technical skills, produces an abundance of 
goods and services for domestic and foreign markets. 


Work involved in producing this array of goods and services 
comprises the broad field of technology, which is the concern of 
engineers, medical personnel, technicians, craftsmen and 
mechanics. 


Technology is the practical application of scientific principles 
and discoveries. It can advance only on the heels of advancing 
science. Scientific research, working quietly in the background to 
provide new knowledge, is the fountain-head of modern technol- 
ogy. This is the work of the scientists. 


The following pages outline broadly what is involved in a career 
in science and describe the many different kinds of work scientists 
do. Much can be said that applies to many or all fields of natural 
science and this is contained in Section I, “Science in General”. 
Read Section I before passing on to sections dealing with indi- 
vidual science fields in order to get the complete picture. 
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I 
SCIENCE IN GENERAL 


Science as we know it had its beginning about three or four 
hundred years ago. Copernicus, da Vinci, Bacon, Newton, Galileo 
and others of that time were the first modern scientists. What 
distinguished, them from the early speculative philosophers was 
the adoption of a scientific attitude, out of which developed the 
scientific method. The new scientists replaced myth, superstition 
and speculation with impartial observation, classification and ex- 
perimentation to formulate and confirm scientific knowledge. 


Many industrial processes, known and used for centuries, are 
now understood because of science. Through science and engineer- 
ing, industry has been able to improve and diversify its products 
even further, so that now scarcely any aspect of modern life is 
untouched, directly or indirectly, by science. Our food, clothing 
and living conditions have been changed and improved with the 
help of science. We are healthier and live longer, are able to travel 
faster and farther, and have more leisure to enjoy a greater variety 
of recreation and entertainment than ever before. 


Science is often regarded as a coldly factual pursuit, morally 
neutral. However valid this may be for the scientific method, which 
aims to be impartial, it tends to overlook the moral impact of the 
scientific attitude. The scientific attitude, by attacking ignorance 
and superstition, has made our society more humane than it could 
otherwise be. Science, by its very objectivity, supports race toler- 
ance, religious freedom, sensible treatment of criminals and the 
mentally ill. The moral courage of scientists in the defence of truth 
has been important in the growth of some of our best social 
practices. 


We cannot go back to the “old days”. We must learn to live 
in a scientific age and to use science for the real betterment of 
mankind. This challenge faces not only the scientist but everyone. 
The ills of society which are laid at the door of science (the 
nuclear threat, the cold war power race, mechanized living, high- 
way fatalities, etc.) all result from the uses to which science has 
been put. They are aspects of our technology, not our science; 
they reflect the application of science by our society as a whole 
rather than the will of the scientists. 
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SCIENCE AS A FIELD OF EMPLOYMENT 


As recently as 100 years ago, scientists were not employed in 
the same manner as they are today, and the majority who were 
engaged in research were not scientists in their main occupation. 
Driven by a consuming curiosity about the mysteries of the in- 
credibly complex world around them, they often carried out 
research on their own time, using their own resources. Some were 
men of means, or had the help and encouragement of well-to-do 
patrons; some worked and taught in the stimulating atmosphere 
of universities, which nurtured the traditions of science from the 
beginning. Many scientists dedicated their lives to research with 
no thought of reward other than the satisfaction of their curiosity. 


Today, scientific research is a career. Scientists now constitute 
an important and growing sector of the professional community. 
While it is still necessary for them to have the same sense of quest 
and dedication to achieve success and satisfaction, they also find 
that a career in science offers a challenging and rewarding way 
to earn a livelihood. 


WHAT ARE THE NATURAL SCIENCES? 


Science is a systematic body of knowledge, usually formulated 
during a long period of time. It is a term that may be applied to 
an entire systematic body of human knowledge, or it may indicate 
a specific discipline, such as chemistry, psychology, or astronomy. 


Natural science is the organized knowledge of biology, chemis- 
try, physics and geology. At the risk of over-simplifying something 
very complex, the diagram overpage shows how five main fields or 
branches, often thought of as separate and distinct, are, in fact, 
quite interdependent. 


Study of living organisms (biology) is often involved with the 
chemistry of living things (biochemistry); study of the earth in 
terms of physical laws forms the field of geophysics; physics and 
chemistry meet on ever-widening ground as physical chemistry. 
Natural science therefore is not a number of separate disciplines, 
but a complex whole, with many divisions, subdivisions and areas 
of specialization. Scientists trained in one specialty may find them- 
selves confronted with problems which have been studied in 
another branch of science. 
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Mathematics is the unifying factor—the abstract language of 
all science—and also a science in its own right. All scientists must 
master this important tool. 


Many natural scientists are engaged in work relating to agri- 
culture or forestry. Because of the importance of these industries 
to the Canadian economy, “Science in Agriculture” and “Forest 
Science” are included as separate sections of this monograph. 


NATURE OF THE WORK 


Popular notions of the solitary scientist working in a small 
laboratory on a problem of his own choosing are by no means 
out of date. However, many scientific problems are now so com- 
plicated, and the apparatus and materials for experimentation so 
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expensive, that the modern scientist is quite likely to be a member 
of a team of specialists composed of scientists, technicians and, 
perhaps, engineers or medical doctors, working on a_ project 
financed by a university, government department or industrial 
firm. 


Supervision of scientific work is difficult. If scientists are to be 
creative, they need freedom for independent thought, yet some 
control must be exercised to keep research within certain defined 
limits. They also want and need the stimulation that comes from 
communication and consultation with other scientists. They are on 
the frontier of human knowledge, and the number of people who 
speak and understand their “language”’ is relatively limited. 


Because science is primarily concerned with the search for 
knowledge scientists are, above all, research workers. They may 
also become involved to a greater or lesser extent in other activ- 
ities such as industrial production, testing and analysis, directing 
the work of other scientists and technicians, teaching science, 
writing about science, or acting as scientific consultants or advisors. 
Scientists are often astute observers of events, contrary to wide- 
spread belief. Today there are notable philosophers and writers 
who are also scientists. 


Modern technology is so all-pervasive that there are also many 
opportunities for persons with a knowledge of science and labora- 
tory technique to find interesting and challenging work as labor- 
atory technicians, scientific aides, technical writers, science 
librarians, science editors, or extension workers. The level of 
academic achievement needed for this type of work is not as high 
as that expected of scientists. 


WHAT SCIENTISTS DO 


Research 


Research is the main feature of scientists’ work. Ability to do 
original, advanced research is the factor which distinguishes sci- 
entists from most other technical workers. 


Research falls into two broad categories, applied and funda- 
mental, the difference being one of aim rather than method. Work 
on problems for which the solutions have immediate application is 
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known as applied research. Fundamental research, on the other 
hand, consists of the systematic search for knowledge without 
reference to utility other than to advance the frontiers of knowl- 
edge and thereby supply the basis for further progress in the 
applied fields. 


In a research project, the scientist must bring to bear all his 
own knowledge and experience related to the project, including 
reference to work done by other scientists in the same field.1 He 
must devise a systematic approach to the problem, then formulate 
and experiment with his own theories and ideas. 


Experimentation is the technical aspect of the scientist’s work— 
the aspect we recognize most readily as being “scientific”. Modern 
scientists have at their disposal a wide range of instruments and 
apparatus to make accurate observations and measurements, or to 
create the physical conditions needed for experimentation. They 
use radio telescopes to probe far beyond the range of ordinary 
telescopes; electron microscopes to investigate the secrets of the 
infinitely small. They may use furnaces that produce heat greater 
than the heat of the sun, or other apparatus that produces temper- 
atures approaching absolute zero. They may use radioactive 
“tracer” elements to investigate the physiology of living things, 
or use their knowledge of radioactive disintegration to measure 
the age of rocks. Sometimes scientists have to design special equip- 
ment for their work; sometimes they adapt existing apparatus for 
special purposes. 


It is not always possible for scientists to test their hypotheses 
in a laboratory. In astronomy and meteorology, for example, 
scientists have no way of controlling many phenomena they study. 
By observation they accumulate information that provides the 
basis for hypotheses which may be tested by further observation. 
When it is found that certain events occur according to a physical 
law, scientists have a valuable predictive tool at their disposal. 
Prediction is the essence of science. 


1The amount of scientific and technical data published in the world has 
reached tremendous proportions. Searching the literature, abstracting and index- 
ing scientific papers for ready reference, has become an important function 
for many scientists. See also p. 18, “Women in Science” re information 
specialist. 
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Modern scientists have at their disposa 
a wide range of instruments and appa- 
ratus. Above: Chief of the Stellar Physics 
Division of the Dominion Observatory, 
Penticton, B.C., heads up a team of 
scientists working with the huge radio 
telescope to study signals originating in 
outer space. Right: The electron micro- 
scope permits magnifications of up to one 
million times. Below: Studies in Low 
Temperature Physics. The Collins helium 
cryostat, which develops very low tem- 
peratures, may be seen in the background. 


Photo: National Research Council 
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A mass spectrometer is used at 
the Geological Survey to deter- 
mine the absolute age of rocks 
and minerals, 


Photo: 
Geological Survey of Canada 


Scientists often have to 
design special equipment 
for their work. This 
“Curie Point” meter was 
designed for special 
studies on rock magnet- 
ism, an important part 
of research in geophysics. 


Photo: 


Geological Survey of 
Canada 


Soil analysis—determin- 
ing the available potas- 
sium in soil with an 
electrophotometer. 


Photo: 


Canadian Department 
of Agriculture 


Although most research is done in laboratories, some scientists 
may spend much time in the “field”, testing and experimenting 
under actual conditions, or gathering data and specimens. 


Writing reports of their findings is expected of all scientists. 
In this way, new knowledge is recorded and is available to the 
rest of the scientific world. The scientist must first report to his 
employer, but he may also prepare technical papers for publica- 
tion in scientific journals. 


Communication of scientific information can be difficult, and 
the ability to write clearly and accurately is a very necessary 
skill. 


Testing and Laboratory Work 


Techniques similar to experimentation are employed in testing 
and laboratory work. In this case, scientists establish certain 
standards of quality for industrial products and work out techniques 
for testing them. Routine testing is usually done by technicians 
following procedures set up by scientists. 


Consulting and Advisory Services 


It is not always possible or practical for industrial firms, 
especially small firms, to maintain adequate laboratory facilities 
or staffs of scientists. For solutions to difficult technical problems 
they may engage the services of a consultant or refer problems to 
a commercial or government laboratory. Scientists who have spe- 
cialized knowledge in a particular field often work, either part-time 
or full-time, in a consulting or advisory capacity. 


Teaching and Extension Work 


The teaching of science in secondary schools offers opportunities 
to those with a background of science, plus teacher training. 
Such persons are identified primarily as teachers rather than 
scientists. The teacher with enthusiasm for science together with 
a capacity for intelligent and imaginative teaching can create the 
intellectual environment in which future scientists may find their 
vocation. 


1 CANADIAN OCCUPATIONS Monograph No. 44, Teacher. 
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Science professors in universities are more readily identified 
as scientists. Many engage in research projects in addition to 
lecturing. Good students frequently serve as lecturers or laboratory 
instructors while working on graduate studies. 


Extension work consists in interpreting the practical aspects of 
scientific information to the nonscientific public. Such work is 
most common in the field of agriculture, and is covered in more 
detail in the section “Science in Agriculture”. Extension work is 
also becoming common in other fields as a result of the increasing 
importance of science to all aspects of daily life. 


PERSONAL QUALITIES NEEDED FOR SUCCESS 


I found that I was fitted for nothing so well as for the study 
of truth; as having a mind nimble and versatile enough to 
catch the resemblance of things . . . as being gifted by nature 
with desire to seek, patience to doubt, fondness to meditate, 
slowness to assert, readiness to consider .. . 


Sir Francis Bacon, writing of himself some 350 years ago, lists 
many of the personal qualities students who are thinking of a 
career in modern science should look for in themselves. They need 
a high order of intelligence and a willingness to study hard, in 
order to cope with the long and difficult preparation in university. 
They must have a lively—almost urgent—curiosity about the 
mysteries of nature and a desire to find answers. 


They need patience to be painstaking and exact, and persistence 
to stay with a project, even when results are disappointing. Per- 
sonal honesty and integrity are also important, for the scientist 
who deviates from this code in his work would eventually be 
found out and discredited. 


Because scientific work is predominantly mental, a robust phy- 
sique is not of prime importance. Yet the field work done in 
connection with geology, forestry or geophysics may involve heavy 
physical demands. Mechanical ability and resourcefulness are often 
needed to maintain and repair one’s equipment and to cope with 
the rough life when isolated in remote areas. Modern transporta- 
tion and better means of communication are making field work 
easier than it once was. 
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Photo: Canadian Industries Limited 


Science fairs, relatively new to Canada, are growing in popularity 
as an effective way to provide young people with opportunities 


to test their talents and interest in chemistry, physics, biology and 
other sciences. 
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Students may not be certain of all these qualities in themselves. 
Many qualities develop with growing up; others are the result of 
long training. It is well, however, to make a careful personal 
appraisal. School studies, extracurricular activities, hobbies and 
reading interests may provide some clues. Good marks and special 
interest in science subjects, membership in science clubs, or par- 
ticipation in science fairs! may all be used as indicators of one’s 
suitability for a science career. 


Science or Engineering? 


It may be difficult for students to decide between science and 
engineering as a career. Unlike engineers, who are interested in 
the use of things, scientists are more interested in the nature of 
things. They are more interested in seeking knowledge and under- 
standing, leaving others (often engineers) to make practical appli- 
cation of the knowledge. The student who likes science but is 
more interested in designing, planning, building or operating things 
should look into the possibilities of a professional career in 
engineering. 


Women in Science 


Many more women are engaged in scientific work than in 
engineering, but they still comprise less than five per cent of the 
total number of Canada’s scientists. Since the characteristics re- 
quired of good scientists—intelligence, creative imagination, intui- 
tion, patience, curiosity—are shared equally by both sexes, it is 
apparent that women constitute a large, untapped potential for 
scientific work. 


The field of biological science, followed by mathematics and 
chemistry, has attracted the greatest percentage of women scien- 
tists. Fewer women are attracted to agricultural science, forestry 
or geology, presumably because of the rigorous field work which 
is common to these sciences. 


Women have made their greatest contribution in such aspects of 
science as research, teaching and extension work, editorial work, 


1Canadian Science Fairs Council has published a descriptive folder entitled 
Science Fairs, copies available free of charge from the Council’s office at 48 
Rideau Street, Ottawa, Ontario. 
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testing and laboratory services. Few have become engaged in 
design work, field exploration, production or administration. They 
have performed useful work as analysts, technicians, and research 
assistants. A growing field of opportunity for women with educa- 
tion in science, plus library training or experience, is work as 
science librarians. Another field is that of the information specialist, 
who assists other scientists by searching the literature for reports 
of current scientific developments, thus preventing unnecessary 
duplication of research effort. 


Many women find successful and satisfying careers in science, 
although simply because they are women, they tend to encounter 
more obstacles and difficulties on the road to success than their 
male counterparts. Ambitious young women should expect their 
progress in a science career to be impeded to some extent unless 
they hold very high qualifications. 


PREPARATION AND TRAINING 


Secondary School 


Most students intending to make a career in science can start 
basic preparation in secondary school by taking as many science 
courses as possible. Mathematics is particularly important; high 
achievement in this subject is considered by many to be a good 
prediction of success in the field of science. Because the fields of 
natural science are becoming more and more interdependent it is 
clear that a general, well-rounded background of science is a good 
foundation on which to build. A second modern language is 
almost indispensable and a third highly desirable for those who 
intend to do scientific research. A survey of the entrance require- 
ments for university science courses indicates that senior matricula- 
tion, with credits in two or more high school science subjects, is 
necessary. Some Canadian universities accept high school grad- 
uates with junior matriculation, in which case the course leading 
to a bachelor degree is four years. 
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University Education 


There are a few practising scientists who have attained their 
positions by long experience and hard private study without benefit 
of a university degree. However, the best route to a professional 
career in science today is through the university. 


Types of undergraduate science courses available, ways in which 
they are organized, and prerequisites for graduate studies, vary 
from institution to institution. Students should consider carefully 
their long-range plans for higher education in science in order to 
make the best arrangement possible for their particular needs. 
Help should be sought from guidance counsellors, university calen- 
dars and university faculty members. 


Those who want only a broad education in science usually take 
the general pass degree course, which requires three years of study 
after senior matriculation. As a terminal course, this leads to 
employment in scientific work at a junior or technician level, in 
technical sales and service, extension service, or (with additional 
teacher-training) teaching at the secondary school level. Students 
who do exceptionally well in the general pass course may be 
considered for admission to graduate studies provided they have 
standing in the necessary subjects. 


Above-average students may choose the honours degree course, 
with specialization in a particular field of science. Honours courses 
are usually a year longer than pass courses; they are usually the 
course selected by students who plan to go on to graduate study. 
As terminal courses they lead to employment at a higher level 
than do pass degrees. 


Postgraduate Degrees 


To an ever-increasing extent graduate study, leading to a 
master’s or Ph.D. degree, is necessary for advanced work and 
professional recognition in a science field. A master’s degree con- 
sists of at least one year of study beyond an honours degree, or 
two years beyond a pass degree. A Ph.D. in science requires at least 
two years of study beyond the master’s degree (at least seven 
years, and often longer, beyond senior matriculation). It con- 
sists of advanced studies on the frontiers of knowledge together 
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with work on an original research project on which a major 
thesis is written. An increasing proportion of scientists are going 
on to other universities or institutions for postdoctorate study. 


Fees and Living Expenses 


Approximate range of fees for tuition per year varies from 
$200 to $475, depending on the educational institution. Living 
expenses must also be considered, especially if one lives away 
from home. University calenders usually give information on fees, 
type of accommodation available, and approximate cost. 


A biology class. Laboratory work is an important feature of univer- 
sity courses in the natural sciences. 


Photo: NFB 


Part of the expense of taking a university course can be met 
by earnings during summer vacations. There is also a steady 
increase in financial assistance for deserving students. Assistance 
is in the form of scholarships, bursaries and loan funds, details of 
which may be obtained from your school principal, vocational 
guidance counsellor, or from university calendars. A publication 
of the Dominion Bureau of Statistics, University Entrance Awards, 
describes all scholarships and bursaries of more than $100 in 
value open to high school graduates wishing to attend Canadian 
universities and colleges. 


ENTRY AND ADVANCEMENT 


During their undergraduate years and in summer jobs, science 
students will probably become increasingly aware of employment 
opportunities. They can obtain information ‘about job openings 
from the Executive and Professional Division of the National 
Employment Service, which works in co-operation with placement 
officers in universities. Professional and scientific societies are also 
active in bringing scientists and employers together; some have 
student chapters, which facilitate entry into the occupation. 


Technical journals, newspapers and company brochures often 
list opportunities in scientific and technical work. Positions in the 
federal Civil Service are filled by competition. Notices of openings 
are posted in public buildings such as post offices, local offices of 
the National Employment Service and the Civil Service Commis- 
sion, and are published in the Canada Gazette and daily news- 
papers. 


The level at which young scientists begin their careers and the 
rate at which they advance in scientific work is partly dependent 
on the level of education they attain. Postgraduate degrees are 
necessary for those who hope to do advanced research work. 
With experience (and continued study, which is a feature of most 
scientific work), increased responsibility, with greater challenge 
and reward, will follow. Those with the necessary ability, initiative 
and personal qualities may proceed to administrative and executive 
positions. Industry and governments are taking active steps toward 
creating ladders of advancement for outstanding scientists which 
depend solely on scientific capability without the need to assume 
administrative work. 
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EMPLOYMENT OF SCIENTISTS 


Employment is most conveniently discussed under three main 
classifications: industry, government service, and education. A 
small number of scientists are employed in the Armed Forces and 
in business service (mostly consulting). 


industry 


Nearly half! of Canada’s scientists are employed in industry, 
where they are responsible for a wide variety of functions, in- 
cluding research and development, testing, inspection and labor- 
atory services, technical sales and service, as well as production 
work and supervision. 


Opportunities for research in industry are increasing although 
at present they are limited to large industrial firms. Industrial 
research is mostly concerned with production problems and 
development of new products. Basic or fundamental research in 
Canadian industry, for various reasons, has not as yet reached 
significant proportions. 


Government Service / 


About one third of the scientists are employed by governments 
at provincial and federal levels, the federal government being the 
largest single source of employment. Scientific research has been 
supported primarily by the federal government, notably by the 
National Research Council and Defence Research Board. Federal 
and provincial departments of agriculture, health, and those 
charged with conservation and utilization of natural resources 
(minerals, forests, fisheries, wild life) maintain staffs of scientists 
to do fundamental research, work out technical problems, set 
standards of quality for industrial and agricultural products, and 
provide technical information services. Several provinces have set 
up scientific research councils or institutes of their own. 


1Unless otherwise stated, all statistical information in this monograph has 
been derived from the 1960 survey of a one-third sample of the scientific and 
technical personnel register maintained by the Department of Labour. 
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The Field of Education 


Approximately 20 per cent of Canada’s scientists are employed 
in the field of education. Nearly two thirds of this group are 
employed by universities; the remainder by secondary schools. 


All science graduates will have had the opportunity to see if 
the university atmosphere is to their liking. Those with post- 
graduate degrees who prefer to work with young people, and have 
a flair for teaching, may stay with the university, or return to a 
teaching post after some years of experience in government or 
industry. Many scientists find that the prospect of combining teach- 
ing with the chance to do some free and original research appeals 
to them. 


There is demand for graduates in science to handle science 
courses in high schools, technical and vocational schools. In addi- 
tion to a science degree (preferably an honours degree), a period 
of teacher-training is necessary. As science and technology become 
more complex, the need for good science teachers at this level will 
increase. 


WORKING CONDITIONS 


Most scientific work is done in laboratories, which vary greatly 
in size and facilities, according to the industry and the importance 
attached to research and development. Some laboratories are 
messy, or crowded with apparatus; others, because of the nature 
of the work, must be kept impeccably clean. 


Each field of science has certain hazards which must be con- 
sidered but in general, a scientific career is not thought of as 
dangerous. With precaution, any danger from handling explosive 
Or poisonous chemicals, working with radioactive material, han- 
dling infectious material or irritants, can be kept to a minimum. 


New Graduates 


Salaries received by 1959 graduates with bachelor degrees in 
science after one year of experience ranged from $4,000 to $6,400 
per year. The great majority reported salaries in the $4,800 to 
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$5,600 range. (The ages of the graduates, and amount of work 
experience prior to graduation may be an important factor in the 
wide range of salaries earned. Although the majority of graduates 
were in the 21 to 25 year-old group, an appreciable number were 
30 and over.) 


With Experience 


For the year 1960, the average earnings of science graduates 
five years after bachelor graduation were $6,250; 15 years after 
bachelor graduation, $8,350; 25 years after bachelor graduation, 
$9,250. Of course, those who have proceeded to postgraduate 
degrees report higher average earnings than those who have not. 


Intangible Rewards 


Early scientists were not salaried employees in the modern 
sense, and often their only reward for working in science was the 
satisfaction of their own curiosity and the enlightenment of man- 
kind. Modern scientists may still get this satisfaction while earning 
a good salary. 


Scientists belong to a world fraternity with a community of 
interests that cuts across race, colour, creed or politics. This is 
particularly apparent to scientists in universities and government 
service, who may Visit, or be visited by, scientists of other countries. 
Scientists may establish world-wide reputations by having their 
research papers published in scientific journals. 


Scientific progress in modern civilization is now so vitally im- 
portant that scientists stand high in prestige and status; the “egg- 
head” reference to scientists has quickly become a badge of © 
respectability. 


SCIENTIFIC ORGANIZATIONS AND LEARNED SOCIETIES 


Since the formation in England of the Royal Society in 1659, 
followed by the Academy of Science in France in 1666, scientists 
have grouped together, according to their common interests, in a 
wide variety of organizations. Many of these are listed in the 
individual science sections to which they pertain. 


Scientific organizations have numerous purposes. They promote 
interest in, and advancement of, their particular branch of science. 


27 


Scientific societies usually maintain a library and may publish a 
journal to inform members of new developments. They help co- 
ordinate research efforts and encourage the application of dis- 
coveries. Some societies set up standards of professional qualifica- 
tion for their members and assist new entrants to find employment. 


Membership in some societies is restricted, and is achieved only 
by invitation, or by meritorious work in a field of science; others 
are mainly interest-groups, with a large lay (nonprofessional or 
amateur) membership. Societies may have various levels of mem- 
bership, from fellows and full members to associate members. 
Undergraduate students may join some societies as student 
members. 


OUTLOOK FOR SCIENTISTS 


Demand for scientific personnel is fairly stable and based 
mainly on long-term planning. The work is predominantly of a 
research nature, which is not greatly affected by short-term 
fluctuations in economic activity. In addition, half of Canada’s 
scientists are employed by government or educational institutions, 
and services provided by both these sectors are fairly independent 
of changes in the level of business activity. 


Science and technology have advanced dramatically in the last 
twenty-five years. They will move forward faster in the future, 
with no stopping point yet in sight. Although advances have not 
been quite so dramatic or on as wide a front in Canada as in some 
other countries, the impact of scientific and technological develop- 
ment has been significant. 


Requirements for scientists in Canada during the last twenty- 
five years are estimated to have more than doubled. During the 
last five years the annual increase in the number of new jobs 
opening up which required scientific personnel has averaged some- 
what over five per cent. It appears reasonably certain that the 
demand for scientists in the years ahead will continue to increase 
at least at the same rate. 


This is the broad estimate of demand for all scientists for the 
years to come; some variations in the strength of demand between 
the individual science fields can be expected. 
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Distribution of Scientific and Technical Personnel 
Register by Undergraduate Science Course,“ 


June 1961 

POST ICULLOT Gm er eh i 7,955 
Orestry > Ber ee eel sae. 2,665 
BACteriOlogy * Meee eo ee ae es 156 
Biochemistry tre ein ears 356 
Bighosy <0. exw ot ee cee 980 
BOTAN Yc ie, Se rh co NO aati ean cede sale 129 
CHERNISELY ie ee ates eee oh inva 4,362 
Chemistry; andwePnysics..9.-.......,.Mancu: 418 
CFENeTale SCIENCE es os oral ads ae 6,003 
(FOOIGEV wa. 2. ee ee EO: Mee ea 1h 4 
DAC EIN AtICSH) ad ee arti cds 751 
Mathematics and Physics .................... 1,769 
WIGtaIET Oya... aera ee eileen 52 
DY SIGS ere eter et ee Nah eg 986 
UL INORY iste te ee Ae eS an 333 
(iter Sale, BU hs otis Cn es, 377 

8 TES PT Ne A ne ene 29,004 


1The above figures are based on a count made during the week ending June 
9, 1961 of individual files in the scientific and technical personnel register 
maintained by the Department of Labour, Ottawa, Canada. The 1961 graduates 
are not shown. 


2 Includes forest engineering. 
3 Includes various combinations of honours courses. 


Note: Many graduates go on to take postgraduate work, or find employ- 
ment, in a field other than their undergraduate course. 
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Il 
PHYSICS’ 


Photo: NFB 


Postdoctorate Fellows from Canada, Great Britain and the United 
States working together in the spectroscopy laboratory, Division of 
Physics, National Research Council, Ottawa. 


Physics deals with the states and properties of matter, with 
energy and motion, and the natural laws and processes governing 
the physical universe. It now includes studies of mechanics, heat, 
light, sound, electromagnetism, electronics, atomic and nuclear 
physics, and properties of materials. It also includes study of living 
matter and physiological processes in the field of biophysics; 
chemicals and chemical processes in the field of chemical physics, 
and properties and character of the earth and forces acting upon 
it in the field of geophysics. 


1 Read first, Section I “Science in General’. 
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Historically, man’s inventive genius has made good use of 
scientific principles without necessarily understanding them. Early 
use of the lever, the wheel, and the forces of water, wind, gravity 
and heat, illustrates a rudimentary technology without science. 


Attempts to explain the nature of phenomena such as these led 
from natural philosophy to physical science, the parent of physics. 
When the behaviour of matter and energy was found to take place 
according to certain relatively fixed laws, it could be better under- 
stood and, what’s more, predicted. Technology provided more 
refined and accurate instruments, making possible further scientific 
discovery. 


In the last 150 years, many major discoveries and inventions in 
physics have helped transform men’s lives. Outstanding examples 
are the discovery of X rays by Roentgen; radioactivity by Bec- 
querel; disintegration of the atom by Rutherford; electromagnetic 
induction by Faraday; and the electron by J. J. Thomson. These 
and other discoveries led to development of the dynamo, electric 
motor, radio, telephone, aviation, refrigeration, and motion pic- 
tures. Dramatic advances were made during World War II with 
radar, rockets, jet aircraft, and the atom bomb. 


Since then, whole new vistas of technology, based on the prin- 
ciples of physics, have opened up. Development of atomic fusion, 
nuclear-powered ships, guided missiles, earth-orbiting man-made 
satellites, and—the dream of science-fiction writers for many 
years—the exciting possibility of interplanetary space travel, have 
come with breath-taking swiftness. 


AREAS OF SPECIALIZATION 


Physics is predominantly a research field, both pure and applied, 
and because of its scope, is divided into areas of specialization. 
Each includes subareas in which research is being done. Following 
are the main areas, with examples of the technological applications 
emerging from research. 


Mechanics 
Supersonic flight and the space age have introduced new prob- 
lems relating to aerodynamics, ballistics and jet propulsion. Studies 
in the flow of solid matter under pressure (rheology) have led to 
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new metal-forming techniques. Automation and material-transfer 
equipment are concerned with hydrodynamics, mechanical instru- 
mentation and measuring devices. 


Acoustics and Sound 


This area includes studies in the propagation, transmission, 
measurement and analysis of sound; ultrasonics; amplification, 
reproduction and recording of sound. Practical applications of such 
research include control of industrial noise and nondestructive 
testing of materials. 


Light and Optics 


Research in light and optics covers another important area in 
physics and includes studies of sources and origin of illumination; 
spectroscopy; colorimetry; photography and polarized light. Light 
waves are now being used to set standards of measurement. Experi- 
ments with a device called an Optical Maser indicate that scientists 
may eventually control light waves to make possible a radically 
new method of multichannel telecommunication. 


Electricity and Magnetism 


Achievements in this area have already revolutionized modern 
society. Recent studies include the possibilities of long-distance 
transmission of electricity at ultrahigh voltages, and the develop- 
ment of ultrapowerful electromagnets by passing current through 
coils of special alloys made superconductive by very low (cryo- 
genic) temperatures. 


Electronics 


Almost a separate science in itself, electronics promises to set 
the pace for future research and discovery. The heart of this area 
lies in the electron tube and the more recently developed solid 
state devices (transistors). Research also goes on in the propaga- 
tion of radio waves and the study of their behaviour, and design of 
antennae and transmission lines. Recent practical applications 
of electronics are multichannel microwave networks, electron 
microscopes, radio telescopes, rocket and missile control systems, 
electronic data processing equipment, and a host of others. Solid 
state physics is another new and fast-developing area of research 
and includes work on crystals, dielectrics, magnetic phenomena, 
semiconductors, electroluminescence and thermoelectrics. 
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Heat 


Research in this area includes studies in heat radiation and 
transmission, kinetic theory, thermodynamics, thermal properties 
of matter, and high-temperature phenomena. 


Nuclear Physics 


Explosion of the first nuclear device less than twenty years ago 
was the culmination of intensive research spurred on by wartime 
necessity. It opened up tremendous possibilities for new sources 
of energy for a power-hungry world and created new problems 
in the control of chain reactions, radiation and fallout, and utiliza- 
tion of atomic energy for peacetime purposes. Structure and prop- 
erties of matter, X rays, cosmic rays, effects of radiation on matter, 
nuclear reactions and radioactivity are important areas of research. 


Astronomy 


Astronomy is a science in its own right, with its own organized 
body of knowledge about the earth and the universe. One of the 
oldest of sciences, it is forging ahead, using all the other natural 
sciences to extend our knowledge of the heavens. 


Because the position, movement and composition of celestial 
bodies are governed by physical laws, astronomers must be well 
versed in the science of physics and mathematics in order to under- 
stand such phenomena. Use of the spectrometer to determine the 
nature of stars, and the development of radio astronomy, are ex- 
amples of the close relationship of physics to astronomy. 


Astronomers are employed mainly by the Dominion Observa- 
tory for astronomical research, and by universities for research 
and teaching. 


Meteorology 


This is the branch of physics that treats of the atmosphere and 
its phenomena. It has practical application in weather forecasting 
and climatological information, but research is going on in con- 
nection with long-range weather forecasting, weather control (rain- 
making and hail-prevention), air pollution, studies of the upper 
atmosphere, and use of electronic computers in weather fore- 
casting. 
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Meteorology, like astronomy, has its own career possibilities, 
the chief employer being the Meteorological Service of Canada. 
Honours graduates in mathematics and physics, or engineering 
physics, may qualify for a professional position in the Service. 
While on salary, they are required to take further university edu- 
cation leading to a master’s degree in meteorology!. 


NATURE OF THE WORK 


Since physics is predominantly a research field, it follows that 
more physicists are engaged in research and development than in 
any other single function. The physicist in fundamental research 
will find himself involved in the theory and technicalities of one 
of the many areas of physics listed above, so complex as to be 
difficult to describe to the uninitiated. In applied research and 
development, he will seek solutions to highly technical problems 
arising in industry and the field of medicine. 


It is the emphasis on mathematical methods that sets physics 
apart from other sciences. Yet it would be an error to think of a 
physicist as an applied mathematician; experimental demonstration 
of physical laws and processes is the only authority recognized by 
the physicist. 


Teaching is another major function for many physicists. In the 
university setting they may combine lecturing and instruction with 
work on research projects. 


PERSONAL QUALITIES NEEDED 


Physics is perhaps the most rigorous and exacting of the sciences, 
and will challenge the efforts, intelligence and imagination of the 
best students. Most universities recognize this and require higher 
grades for admission to their physics courses than for other science 
courses. Ability in mathematics is basic as a requirement. 


Students whose interest is in physics, but who are attracted to 
an engineering career might consider the possibility of a course 
in engineering physics. Here the line between science and engineer- 
ing has all but vanished, where the study of fundamental laws 


1 CANADIAN OCCUPATIONS Monograph No. 43, Careers in Meteorology. 
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governing the behaviour of matter and energy finds practical appli- 
cation in industrial processes and the design of structures, ma- 
chines and other technical equipment. 


PREPARATION AND TRAINING 


High school students preparing for a career in physics should 
take as many science courses as possible. Mathematics, including 
algebra, geometry and trigonometry, is important, as it is the 
language of physics. 


A bachelor’s degree, with a major in physics, is a minimum 
requirement. It is possible to arrange a course that includes physics 
and mathematics, or physics and chemistry as a major concentra- 
tion. Advancement in physics is difficult, however, without a 
master’s degree or a doctorate. More than half (60 per cent) of 
the scientists surveyed, who were in the field of physics, had 
obtained at least one postgraduate degree. The American Institute 
of Physics has established as a minimum requirement for qualifica- 
tion as a professional physicist, eight years training and experience 
in the field. 


EMPLOYMENT OF PHYSICISTS 


Nearly half of Canada’s physicists are employed in government 
research, the federal government being by far the most important 
source of employment. 


Nearly one third are employed in the field of education, mainly 
in universities, but also in high schools. 


The number of physicists employed in private industry is not 
great as yet, but could increase as technology becomes more com- 
plex and industry does more of its own research. An appreciable 
proportion of physicists are working as consultants. 


OUTLOOK 


Physics has been basic to the dramatic developments of atomic 
energy, radar, rockets and guided missiles. Even greater advances 
are expected in the future. Demand for physicists will continue its 
rising trend and they will be among the fastest-growing professions. 
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ORGANIZATIONS 


Canadian Association of Physicists, Department of Physics, McMaster 
University, Hamilton, Ont. 


Royal Astronomical Society of Canada, 252 College St., Toronto 2B, 
Ont. With 16 autonomous centres in Canadian cities. 


ADDITIONAL READING 
Books 


Dietz, David. Atomic Science, Bombs and Power (Civilisation de l'atome). 
New York, Dodd Mead & Co. 1954. 316 p. 


Covers such topics as the atomic and quantum theories, the 
nature of energy, nuclear fission, the atomic bomb, radioactive isotopes 
and the peacetime possibilities of atomic power. 


Lavine, Sigmund A. Steinmetz—Maker of Lightning. New York. Dodd 
Mead & Co. 1955. 


Peare, Catherine O. Albert Einstein. New York. Holt & Co. 1949. 


Pollock, Philip. Your Career in Physics. New York. Dutton & Co. 1955. 
Covers careers in atomic energy, aeronautical research, power 
production, meteorology, etc. 
Rousseau, Pierre. Les satellites artificiels. Paris. Hachette. 1957. 191 p. 


A narrative on space travel, the problems of astronauts, and the 
conquest of new worlds. 


Bulletins and Pamphlets 


Guidance Centre, Ontario College of Education. Toronto. 
Monograph: Physicist 1962. 
Meteorologist 1959. 
Astronomer 1958. 


Canadian Association of Physicists. Physics in Canada—a Career, a Voca- 
tion (La physique au Canada). McMaster University. Hamilton, Ont. 
Pamphlet on what it means to be a physicist in Canada. 
Dominion Bureau of Statistics. Astronomy in Canada. (Reprint from The 
Canada Year Book 1956). Ottawa. 
History and development of astronomy in Canada. 
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Ill 
CHEMISTRY' 


Chemistry is that branch of knowledge which deals with the 
composition of substances. It is concerned with the properties of 
matter and the laws that govern the combination of elements to 
form an infinite variety of materials. 


1 Read first, Section I, “Science in General.” 


Photo: Imperial Oil Limited 


Wax making was once an art, but modern research has turned it 
into a science. Here, a chemist tests new waxes that have been 
developed using a hydrofining process. 
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FIELDS OF CHEMISTRY 


Traditionally, chemistry has been divided into two main 
branches, based on the kinds of substances (organic or inorganic) 
studied by each branch. 


Organic Chemistry is the branch concerned with the study of 
substances which are derived from living organisms or have the 
element carbon as a constituent part of their composition. These 
include proteins, sugars, starches, fats, enzymes, and petro- 
chemicals, etc. When chemists discovered how to synthesize 
organic substances from inorganic material, this branch of chemis- 
try expanded to include synthetics such as plastics, dyes, paints, 
rubber and textile fibers. It has become so complex that organic 
chemists may specialize in the study of specific types of organic 
substances, such as carbohydrates, enzymes, or petroleum. 


Inorganic Chemistry deals with substances made up of one or 
more of the other 100-odd elements but which do not, as a rule, 
contain carbon. These include metals and their compounds, non- 
metals, such as sulphur, and their compounds, and inorganic acids. 


There are numerous approaches to chemistry that are areas of 
specialization for chemists. In biochemistry, the reproduction, 
growth and metabolism of living organisms are studied in terms 
of chemistry. This field includes food chemistry, fermentation 
chemistry, bacterial chemistry, chemical endocrinology and the 
preparation of sera, vaccines, and hormones. Physical chemistry 
is concerned with the laws of physics that govern chemical change 
in all substances; electrochemistry, photochemistry, thermo- 
dynamics, radio chemistry are examples. Another important area 
of specialization is analytical chemistry. 


NATURE OF THE WORK 


In general, chemists perform research and development work 
and carry out tests, experiments and analyses relating to the com- 
position and properties of, and possible changes in, substances in 
the field of chemistry. They investigate basic properties and struc- 
ture of substances and the transformations they can undergo; apply 
known laws, principles and methods to discover and develop new 
chemical products, new uses for existing products, and new 
methods of production. They work out solutions to industrial 
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chemistry problems such as quality control and analysis of raw 
materials and finished products. They may supervise other workers 
in laboratory investigations or in industrial processes involving 
chemicals. 


Individual chemists tend to specialize in one or more of the 
functional areas mentioned in the general section (page 11). 
About 40 per cent are engaged in research and development and 
20 per cent are engaged in testing, analysis and laboratory service. 
Some are engaged in production processes, although this is pri- 
marily the work of chemical engineers. Teaching chemistry occupies 
about 15 per cent of the chemists; a smaller percentage are engaged 
in technical sales, service and marketing. Other specializations 
include patent work, consulting and administration. 


Chemists work with a great variety of apparatus. In addition 
to the assortment of equipment common to high school labora- 
tories, they may use, depending on their work, a variety of glass- 
ware (some of which they may make themselves), electronic and 
mechanical apparatus for measurement or for providing the phy- 
sical conditions under which reactions take place. They may 
improvise and construct special apparatus, often relying on labora- 
tory assistants to set it up or to carry out the procedures and 
make observations, calculations or tabulations of results. They 
often work out the details of tests and analyses, but once the 
procedure is established, routine tests are carried out by laboratory 
technicians, or by automatic and recording devices. Chemical 
industries with continuous-flow processes (as opposed to batch 
processes) lend themselves to certain forms of automation which 
involve complex instrumentation. 


PERSONAL QUALITIES NEEDED 


For persons who meet the general qualities expected of scientists, 
the decision to select the field of chemistry for a science career 
can, perhaps, be based on one’s experience with chemistry in 
high school. 


Since chemistry often deals with minute quantities, as well as 
complex formulae and symbolic representation of chemical re- 
actions, one should be capable of painstaking accuracy, the ability 
to think in abstract terms, and have a facility for devising and 
assembling apparatus. 
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Those who are interested in knowledge for its own sake are 
more likely to find satisfaction as research chemists. Those who 
prefer to work on the production of things, and in the practical 
application of knowledge, are more likely to find satisfaction in 
applied research or as chemical engineers. Work in sales requires 
good business sense and the ability to deal with people. 


PREPARATION AND TRAINING 


As chemistry is an exact science, a good grounding in high 
school mathematics is necessary, as well as chemistry and physics. 
A second modern language (German or Russian) is almost indis- 
pensable and a third is highly desirable. In this age of rapid 
development and wide-scale application of science, the need for 
a good knowledge of the scientific literature of other countries is 
extremely useful to all scientists, especially those engaged in 
research. . 


It is practically impossible to achieve professional standing as 
a chemist without a university degree. A recent survey by the 
Department of Labour revealed that of 891 chemists, 60 per cent 
had a bachelor degree; 15 per cent had a master’s degree; and 
25 per cent, a doctorate. According to the Chemical Institute of 
Canada, at the present time about half of the students who take 
chemistry continue on to postgraduate degrees. This indicates the 
importance placed on postgraduate work. 


EMPLOYMENT OF CHEMISTS 


Few chemists set up private practices as do medical doctors, 
lawyers, or architects. Most chemists work for large organizations 
such as manufacturing companies, government laboratories or 
educational institutions. These are almost always located in or 
near large centres of population, so that the typical chemist is a 
salaried man living in an urban community. 


Opportunity for a wide variety of fundamental and applied 
research in all fields of chemistry exists with departments and 
agencies of the federal government. Nearly 20 per cent of Canada’s 
chemists are employed by governments of all levels. 


In private industry, opportunities for chemists are more likely 
to lie in applied research, testing, production, quality control, or 
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in technical sales and service. There is somewhat less opportunity 
or freedom to follow one’s personal inclinations in fundamental 
research. Nearly 65 per cent of the chemists in Canada are em- 
ployed in private industry, including some in business service and 
consulting. 


Nearly 20 per cent of the country’s chemists are employed in 
the field of education. Most university professors of chemistry 
are actively engaged in research projects, in addition to lecturing. 
Some are engaged entirely in research, often on a fundamental 
problem of their own choosing. 


There is a need for people with a background of chemistry, as 
well as teacher training, to handle high school courses in chemistry. 


OUTLOOK 


In the past 20 years the chemical industry in Canada has 
expanded at a rate sufficient to overshadow short-term fluctuations 
in its levels of activity and output. As a result, the long-term trend 
of scientific employment in the industry has been steadily upward. 
Outlook for production and research in the chemical industry for 
the next ten years suggests rates of increase matching that of 
overall scientific developments in the country and a demand for 
chemists comparable to those of the past few years. 


ORGANIZATIONS 


Chemical Institute of Canada, 48 Rideau Street, Ottawa, Can. (More 
than 30 local organizations and 30 student chapters) 


Association of Professional Chemists of Quebec, P.O. Box 125, 
Station B, Montreal, P.Q. 


ADDITIONAL READING 


Books 
Battista, O. A. The Challenge of Chemistry. Toronto. Winston & Co. 1950. 


Irwin, K. G. The Romance of Chemistry from Ancient Alchemy to Nuclear 
Fission. New York. Viking Press. 1959. 


Massain, Robert. Chimie et chimistes. Paris, School Editions. 1952. 392 p. 


Pollock, Philip. Careers and Opportunities in Chemistry. New York. Dutton 
and Co. 1960. 147 p. Illus. 


Warrington, C. J. S. and R. V. V. Nicholls. A History of Chemistry in 
Canada. Toronto. Pitman & Sons. 1949. 
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Bulletins and Pamphlets 


Guidance Centre, Ontario College of Education. Toronto: 
Monograph: Chemist 1959. 
Metallurgist 1961. 


Chemical Institute of Canada. Ottawa. 
Your Career as a Chemist (La carriére de chimiste) 1958. 
Your Career as a Chemical Engineer. (La carriére d’ingénieur chimiste ) 
1958. 


Cragg, L. H. The Professions of Chemistry and Chemical Engineering in 
Canada. Ottawa. Chemical Institute of Canada. 1950. 


“Le Royaume de la chimie”, collection Jalons. No. 238, May 1960. 
Ecole de Pédagogie et d’Orientation, 71 d’Auteuil, Québec, P.Q. 
Defines duties, fields of specialization and personal qualifications 
required. 


Ouellet, C. “La chimie au Canada”, in Culture XIII. December 1952. 
p. 363-374. 
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IV 
GEOLOGY’ — 


Geology is the study of the structure, composition and history 
of the earth. Rocks, soils, earthquakes, volcanic eruptions, gla- 
ciers and other earthly phenomena all come within its scope. 


1 Read first, Section I, “Science in General’’. 


Photo: NFB 


Geologist, in search of oil, calculates the land’s contours in the 
Rock Lake area of the Alberta foothills. 
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Study of the earth involves a combination of many natural 
sciences. These are known collectively as the earth sciences or 
geosciences, and include geophysics, geochemistry, and geobiology 
(better known as palaeontology), as well as the parent science 


geology. 


Systematic geological exploration and study of Canada started 
with the organization of the Geological Survey of Canada in 1842. 
It has been continued ever since by the federal government, com- 
plemented by that of provincial geological surveys or departments 
of mines, and by private individuals and corporations. 


The International Geophysical Year, initiated in 1957, was 
undertaken to study, in particular, the oceans and atmosphere of 
the earth. Scientists from all over the world took part, and from 
pole to pole, from the depths of the deepest ocean to the highest 
point in the atmosphere—and beyond—the full force of modern 
science was marshalled to gather data and information that will 
take years to analyse. Another international project, called the 
Upper Mantle Project, is the study of the upper part of the earth’s 
interior. This project is actually an extension of the International 
Geophysical Year but with the emphasis changed from the study 
of the fluid envelope of the earth to study of the solid earth itself. 


THE GEOSCIENTISTS 


Geologists 


In Canada, most geologists are concerned directly or indirectly 
with locating deposits of metals, oil, natural gas and other min- 
erals of economic importance. Their work and studies are of value 
in this because the different mineral resources are associated with 
characteristic geological environments. Knowledge of the rocks of 
the earth’s crust, recorded in geological reports and maps, is thus 
a guide to where to look for the materials we need. For this 
reason the work of the geologist is done mainly in the field. It 
ranges from reconnaissance surveys (to complete the initial geo- 
logical mapping of Canada) to very detailed mapping of mining 
properties and oil structures. Work begins with mapping of bed- 
rock and soils, just as the topographer maps roads, buildings and 
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other surface features. Different kinds of rocks, minerals and other 
materials collected in the field are identified and studied through 
additional laboratory research on their various chemical and 
physical characteristics. 


In such a broad field, specialists concentrate their activities in 
certain defined areas. Palaeontologists and stratigraphers study 
the layers or beds of sedimentary rocks, identify and classify the 
fossil remains of animals and plants of former geological periods 
that are preserved in them. Such knowledge not only tells much 
of the history of the earth over the past 500 to 600 million years 
but is also of practical use in the search for oil, natural gas, coal 
and other valuable minerals. Petrologists and petrographers in- 
vestigate the rocks forming the earth’s crust, the minerals that 
compose them, and their origin. 


Mineralogists examine, analyse and classify minerals and 
precious stones according to their composition and structure. Eco- 
nomic geologists are specialists in finding and developing mineral 
deposits such as gold, lead, copper, etc.; petroleum geologists are 
economic geologists who explore and chart the layers of sediment 
and rocks in search of accumulations of oil and natural gas. Eco- 
nomic geologists have made an important contribution to the 
development of Canada’s mining and petroleum industries. 


Geomorphologists study the changes in the earth’s surface 
brought about by sedimentation, erosion and glaciation—the forces 
of nature that create changes in the landscape. 


In engineering, the geologist advises on soil and subsoil condi- 
tions as they affect the construction of large buildings, dams, 
tunnels, etc. 


Ground water geologists find the water-bearing layers (aquifers ) 
in rocks and soils, and determine their extent and the amount of 


water they may yield. 


Other areas of specialization include structural geology, vol- 
canology (the study of volcanoes and volcanic rocks), isotopic 
and nuclear geology. Geologists may specialize also in the study 
of rocks of specific geological periods ranging from the Precam- 
brian (the oldest) to the Pleistocene (the most recent). 
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Geophysicists 


Geophysics is an example of two science disciplines combining 
to form a new and important area of investigation. It is the appli- 
cation of physics and mathematics to study the earth, including 
its atmosphere, oceans, magnetism and gravity, etc. 


In general, geophysicists utilize their knowledge of physics and 
mathematics, and a variety of complex measuring devices such 
as seismographs, magnetometers, gravimeters and spectrometers, 
to study and measure seismic, gravitational, electrical and thermal 
phenomena. Thus they aid in finding out more about the structure 
and composition of the earth and the forces causing movement 
and warping of its crust. 


Geophysicists also specialize. They may investigate the phe- 
nomena of earthquakes (seismologists); take measurements con- 
cerning the shape of the earth and its gravitational forces (geo- 
desists); aid geologists find mineral deposits or study the structure 
of the rocks of the earth’s crust by means of Seismic, magnetic and 
other measurements (exploration geophysicists). 


Oceanography 


Geologists participate in oceanographic studies. Oceanography 
is the study of the sea, including not only the study of the charac- 
teristics of the sea water itself, but the boundaries of the ocean, 
shape of the coastlines, nature of the ocean floor and the inter- 
action of the sea with the air above it. In addition, oceanographic 
studies include biological investigations of life in the sea. Geolo- 
gists, geophysicists, geochemists and biologists all have important 
roles in oceanographic studies and there is, at the moment, an 
acute shortage of persons qualified for this work. 


NATURE OF THE WORK 


Geologists may be divided roughly into two groups. The first 
group includes the geologists who are directly concerned with the 
search for and development of ore deposits and oil and gas fields. 
They are economic geologists or geological engineers. The second 
group includes geologists who study the history of the earth, the 
distribution, structure and origin of the rocks and of the valuable 
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minerals they contain. These are the geological scientists or 
“research geologists”, and they furnish the basic knowledge used 
by the geological engineer. But there is no sharp division between 
the two groups, and many geologists who at first are engaged in 
the more purely scientific aspects of geology later become eco- 
nomic geologists or geological engineers. 


In prospecting and exploration work the economic geologist, 
the geochemist and the geophysicist work together as a team. The 
geologist maps the rocks and, aided by the data obtained by the 
geophysicist and geochemist, he outlines the structures most likely 
to contain oil and deposits of valuable metals or other materials. 
Exploratory drilling is based on his reports. The geologist is also 
in charge of initial development of deposits. He directs the diamond 
drilling and, from the examination of the drill cores, estimates the 
size and grade of the buried ore body. If it is big enough and rich 
enough the geologist advises his company on developing it as a 
mine. Throughout the life of the mine his detailed geological map- 
ping is the basis for the exploration and development that deter- 
mines the ore reserves of the mine in advance of production. 1 


Geological scientists are concerned with more fundamental 
aspects of the science. They are concerned with mapping the basic 
geological facts about areas. Such maps, and the reports that 
accompany them, are indispensable in helping economic geologists 
and prospectors choose areas in which to work and in guiding 
them in the field. They are also indispensable for the interpreta- 
tion of geophysical data. Geological scientists deal with the dis- 
tribution and mode of formation of the rocks of the earth’s crust, 
their structure, and how and why the mineral deposits and oil 
pools in them originated. They supply the basic data which is 
applied by economic geologists in the search for and development 
of our mineral resources. They are employed by the federal and 
provincial departments of mines, on the teaching staffs of univer- 
sities, by museums and by some of the larger oil companies. 


PERSONAL QUALITIES NEEDED 


In addition to the usual requirements of a scientist discussed in 
the general section, a successful and satisfied geoscientist must 


1CANADIAN OCCUPATIONS Monograph No. 14, Mining Occupations. 
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have a keen interest in the subject matter of geology—minerals 
and rock formations—and be intrigued by the romance and mys- 
tery of the earth’s evolution. With the possible exception of those 
who might be attracted to careers in basic research in geoscience, 
carried out mainly by government departments and agencies, most 
geologists need a good sense of the economic importance of 
geology and be willing to spend some time on this aspect of the 
work. 


Good health and a liking for outdoor life, sometimes under dif- 
ficult conditions, together with an adventurous spirit, are necessary 
for work in geology. The need to travel, often to the far north 
and other remote areas, has disadvantages for those who have 
strong home or family ties, or dislike unfamiliar surroundings or 
isolation. 


PREPARATION AND TRAINING 


Twenty-two umiversities across Canada offer first degree, 
honours, and graduate courses in geology. A number offer a com- 
bined honours course in physics and geology as a specialization. 


Greater emphasis is now being placed on the continuation of 
studies toward a master’s degree or a doctorate in geology, with 
more work on chemistry, physics and mathematics. Approximately 
45 per cent of the geoscientists surveyed by the Department of 
Labour in 1960 had a master’s degree or a doctorate. 


On the whole, students are cautioned against specialization in 
fields that are too narrow, especially in their undergraduate studies, 
and urged to gain thorough and broad training. Specialization 
should be left to graduate studies. 


During one’s training, a course in field geology (geological 
mapping and interpretation) for practical application of theoretical 
knowledge, is recommended, and most universities require such a 
course. Summer jobs in the field are important in the training of 
the student geologist. Many students are employed as student 
assistants on federal and provincial geological surveys and field 
parties, where they obtain valuable training in the application of 
geological principles. 
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OUTLOOK 


Geological science has been tied closely to the economic devel- 
opment of mineral deposits. The history of Canadian mining has 
been one of ups and downs, following both spasmodic market 
demands for specific minerals, and equally erratic discovery and 
development of new deposits. Much of the geologists’ work is in 
field exploration, which is directly related to the level of opera- 
tion of the industry and follows its erratic characteristics. Mining 
activity in Canada has been easing off during the past few years. 
This situation could, of course, change very quickly but present 
conditions indicate no great increase in demand for geologists. 


ORGANIZATIONS 


Geological Association of Canada, Box 4029, Terminal A, Toronto, 
Ontario. 


Canadian Institute of Mining and Metallurgy, 906 Drummond 
Building, Montreal 2, P.Q. 


Mineralogical Association of Canada, 300 LeBreton Street, Ottawa, 
Ontario. 


Alberta Society of Petroleum Geologists, 401 Natural Gas Building, 
Calgary, Alberta. 


Saskatchewan Geological Society, Box 234, Regina, Saskatchewan. 


ADDITIONAL READING 


Books 


Carson, Rachel L. The Sea Around Us (Cette mer qui nous entoure). 
Toronto. Oxford University Press. 1951. 
The nature of the sea and the living things in it. 


Furon, Raymond. Mers, glaciers, volcans. Paris. Larousse. 1958. 103 p. 
A beautifully illustrated book describing many earthly phenomena. 


de Latil, Pierre. Du Nautilus au bathyscaphe. Paris. Arthaud. 1955. 187 p. 
Factual account of underwater life of man and fish. 


Shaw, Margaret M. Geologists and Prospectors. Canadian Portraits series. 
Toronto. Clarke Irwin & Co. Ltd. 1958. 190 p. 
The life and work of Tyrrell, Camsell, Cross and LaBine. 
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Bulletins and Pamphlets 


Baird, David M. A Guide to Geology. Ottawa. Queen’s Printer. ($1.00). 
Designed as a handbook for visitors to Canada’s National Parks. 


It describes basic features of the earth’s crust and geological processes 
that create majestic mountains and mighty rivers. 


Guidance Centre. Ontario College of Education. Toronto. 
Monograph: Geologist 1958. 
Oceanographer 1961. 
Geophysicist 1960. 


Tully, John P. Oceanography—Science of the Sea (L’océanographie— 
science de la mer.) (Reprint from Canadian Geographical Journal.) 
Ottawa. Queen’s Printer. 1953. 19 p. (25¢). 


An account of work being done by Canada in this field. 
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V 
MATHEMATICS! 


‘Mathematics is the science that includes arithmetic, algebra, 
and trigonometry. It treats of the exact relations existing between 
numbers, quantities, magnitudes or operations, and of the methods 
by which, in accordance with these relations, quantities sought are 
found from others known or supposed.”’? 


1 Read first, Section I, “Science in General’. 
£C. H. McDowell, A Short Dictionary of Mathematics. 


Photo: NFB 


Mathematicians are much in demand because results derived from 
experiments are sometimes at variance with results predicted by 
theory. When this happens, scientists have the complex and delicate 
job of finding out whether the fault lies in the theory or the experi- 
ment—or both! 
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Most scientists are adept mathematicians, and the importance 
of mathematics to physics has been mentioned in Section II. But 
just as there are specialists in other fields, so there are scientists 
who specialize in mathematics. As a science, mathematics offers its 
own group of related career opportunities, and it is the purpose of 
this section to examine some of the major ones. 


MATHEMATICS AND MATHEMATICIANS 


Mathematicians solve, and direct the solution of, complex math- 
ematical problems related to scientific research and development, 
engineering, and economic activities. As consultants, they advise 
on the various applications of mathematical analysis. They may 
devise new or improved methods for applying mathematical theory 
and analysis to scientific research or economic problems. Many 
specialize in a particular branch of mathematics, or in the math- 
ematical aspects of other branches of science, or of economic 
activities such as industrial production, insurance, or business 
forecasting. 


Areas of specialization include actuarial mathematics (actuar- 
ies); biological mathematics (biometricians); mathematics of 
physics and chemistry; mathematical statistics (statisticians) ; 
numerical analysis, including tables, mathematical instruments and 
computers; theory of probability (statisticians and actuaries). 


Statisticians are concerned with the collection, tabulation, 
analysis and interpretation of masses of numerical or quantitative 
data. In contrast with the main stream of mathematics, which has 
developed over the centuries, statistics is a relatively new tool. 
It provides scientists with formulas and techniques to arrive at 
useful conclusions about the characteristics of a group; to compare 
the relationship of one set of data to another; to establish, out of 
masses of data or information that might otherwise be meaning- 
less, the existence of trends and cycles from which future events 
may be predicted. Such relationships or characteristics are 
expressed as averages, medians, percentiles, ratios, correlations, 
probabilities, etc. Statistical information may be presented in the 
form of charts, graphs, diagrams or written summaries. 
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NATURE OF THE WORK 


Research in Mathematics 


In the field of theoretical or pure mathematics, mainly in the 
universities, mathematicians are concerned primarily with research 
and experiment which may not have any immediate application 
but advance the frontiers of mathematical knowledge. 


Applied Mathematics 


The applied mathematician often finds himself in the company 
of other scientists and engineers where, as a member of the team, 
his special skill is used to provide mathematical solutions to com- 
plex scientific and engineering problems. He must be reasonably 
familiar with the field in which he is working, e.g., biology, physics, 
chemistry, engineering, etc., if he is to understand the nature of 
the problems with which he must deal. 


Mathematicians do not require supportive equipment or appa- 
ratus to the same degree as their colleagues in natural science or 
engineering. Their main tool is knowledge of mathematical tech- 
niques and their application. To an increasing extent, however, 
they are using the fantastic potential of analogue and digital com- 
puters. These electronic machines, when programmed, can solve 
complex scientific and engineering problems and tabulate masses 
of data quickly and accurately. The program of instructions must 
be prepared in great detail by human mathematicians, after which 
the machine can carry out the routine drudgery. 


PERSONAL QUALITIES NEEDED 


Mathematics is an exact science, and its practitioners must be, 
by nature, precise and exacting, logical in their thinking, imagin- 
ative and inquisitive. Unusual success and satisfaction in high 
school mathematics courses might be taken as an indication that 
a student is suited for a career in mathematics. However, since 
applied mathematics is usually practised in connection with prob- 
lems related to other sciences, engineering, business or industry, 
secondary interests and abilities should also be considered. The 
mathematics of physics and chemistry, for example, would re- 
quire considerable knowledge of these two sciences. 
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PREPARATION AND TRAINING 


Because of the dominant role of mathematics in most sciences 
and in engineering, many graduates from these courses are, as a 
result, quite competent in mathematics. 


Most Canadian universities offer pass and honours courses with 
mathematics as a major, and larger ones offer graduate courses. 
Combined majors of mathematics and physics are also available 
and lead to a variety of careers in science or engineering. 


EMPLOYMENT OF MATHEMATICIANS 


Surveys by the Department of Labour show that the proportion 
of mathematicians engaged in teaching increased from 50 per 
cent in 1954 to 66 per cent by 1960. The proportion engaged in 
research and development declined from 25 per cent to 12 per 
cent over the same period. 


Since the majority of mathematicians are engaged in teaching, 
it follows that education is the largest field of employment; two 
thirds of this group are employed in high schools and one third in 
the universities. Only 10 per cent are employed in government 
service, three quarters of this group being employed by the federal 
government. Private industry and business employ about 25 per 
cent of the mathematicians. 


OUTLOOK 


The present shortage of qualified mathematicians in all the 
technologically advanced countries is expected to persist for the 
foreseeable future. Demand will likely put more of a premium on 
mathematicians with advanced degrees than has been the case in 
the past. 


ORGANIZATIONS 


Canadian Mathematical Congress, Ecole Polytechnique, 2500 Guyard 
Ave., Montreal, P.Q. 
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ADDITIONAL READING 
Books 


Courant, Richard and Herbert Robbins. What is Mathematics. Toronto. 
Oxford University Press. 1941. 


Mathematical ideas and methods of interest to high school 
students. 


Hogben, Lancelot. Mathematics for the Million. New York. W. W. Norton 
Co. Inc. 1943. 


Sawyer, W. M. Prelude to Mathematics. Pelican Book series. Toronto. 
Penguin Books (Can.) 1955. 


Of interest to advanced students. 
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VI 
BIOLOGICAL SCIENCE?’ 


Biological science, the study of living things, is tremendously 
important to mankind. Not only are we as living creatures con- 
cerned with understanding our own vital processes, but we depend 
on a host of living things for food, clothing, shelter and medicine. 
Greater knowledge and understanding of life’s secrets help us 
improve our health and well-being, conserve and increase the 
fruitfulness of the earth, and cope with diseases and pests. 


Life processes have always had a fascination for mankind, 
giving rise to many mystical and superstitious ideas. Time, and 
untiring study by many men and women, have brought order to our 


1 Read first, Section I, ‘Science in General”. 


Photo: Canada Department of Agriculture 


Biologists are interested in learning more about all forms of life. 
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thinking and greatly increased our knowledge. Linneaus, a Swedish 
botanist of the 18th century, made a significant contribution by 
devising a method of identifying and classifying the many plants 
known to exist. The English biologist Charles Darwin developed 
a theory of evolution to account for the occurrence of the thous- 
ands of forms of life that abound on earth. 


Although disease had been attributed to “small animalculae’’, 
it was not until the middle of the seventeenth century that Anton 
van Leeuwenhoek first saw bacteria with his newly developed 
microscope. Their relation to disease, however, was still poorly 
understood or unknown until Pasteur’s work established that 
micro-organisms were responsible for disease, food spoilage and 
fermentation. The discovery of penicillin by Sir Alexander Fleming 
ushered in the era of antibiotics, and today this is one of the most 
active fields of biological research. 


Mendel’s discovery of the laws of heredity, followed by T. H. 
Morgan’s theory of genes, focussed attention on that part of all 
living things that may hold the secret of life itself. Today the bio- 
chemist is actively investigating the nature and structure of des- 
oxyribonucleic acid, the substance that forms the gene and carries 
the genetic code through successive generations. 


BIOLOGICAL SCIENTISTS 


In order to understand the work and occupational titles of 
biologists, one must know something of the science of biology and 
how it is organized. 


The biologist is seldom just a biologist—he is usually a special- 
ist in one or more of the many divisions and subdivisions of this 
broad science. Botany, zoology and microbiology are the main 
divisions of biology. 


If he is engaged primarily in the study of plant life, the biologist 
is known as a botanist. As an expert on animal life, he is a zoolo- 
gist. If he studies microscopic organisms he is a microbiologist or 
bacteriologist. 


There is so much to be learned about each class and species of 
plants, animals and microscopic organisms that biologists may 
choose to concentrate their study on one particular class of species. 
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A botanist may specialize on the subject of grains (cerealist), 
algae (phycologist), or apples (pomologist), etc. A zoologist may 
specialize on insects (entomologist), mammals (mammalogist), 
birds (ornithologist), fish (ichthyologist), or reptiles (herpetolo- 
gist), etc. A microbiologist may specialize on bacteria (bacteriolo- 
gist), fungi (mycologist), cells (cytologist), or blood and serums 
(haematologist and serologist), etc. 


Biologists may also specialize in one or more particular ap- 
proaches to biological science: 
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morphology 


taxonomy 


genetics 


physiology 


ecology 


pathology 


biochemistry 


—study of the structure and changes in struc- 
ture of living things, e.g., plant morphologist. 


—identification and classification of living things. 
Linneaus was a taxonomist. 


—a study of variation and heredity in species. 
Mendel, a pioneer geneticist, laid the corner- 
stone of our understanding of heredity. 


—study of function in living systems and iso- 
lated portions thereof. 


—study of living things in relation to their 
environment and each other. Ecology is of 
great importance in understanding the balance 
of nature, and how it is affected by man’s 
activities. 


—study of the causes and effects of disease, 
e.g., plant pathologist or animal pathologist. 


—seeks to explain cellular reproduction, growth 
and metabolism in terms of chemistry. How- 
ever, the biochemist must deal with very 
large molecules such as enzymes, proteins 
and nucleic acids, which are not always 
amenable to the procedures used in con- 
ventional chemistry. “Molecular biology” 
links the concepts of chemistry with those of 
biology; this is the field of the modern 
biochemist. 


biophysics —is one of the newer branches of biological 
science. It attempts to explain cellular struc- 
tures in physical terms. Biophysicists use such 
tools as electron microscopes and X ray 
diffraction equipment for studying living 
cells; they are also interested in the effects of 
ionizing radiation on biological material and 
related studies that apply the tools or prinei- 
ples of physics to biological material. 


NATURE OF THE WORK 


Biologists study and experiment with all forms of life and living 
processes. They control growing conditions, nutrition, breeding, 
make observations, and record data, usually with the help of 
technicians and laboratory assistants. They may work in labora- 
tories, greenhouses, animal pens, or open fields. Some make 
extended field trips to study or collect plants or animals in their 
natural habitat—in the arctic, in arid regions, in the oceans or 
freshwater lakes and streams, on mountain tops—wherever living 
things are to be found. Today a great deal of laboratory work is 
required even in connection with the field studies mentioned above. 
Samples must be analysed and supplementary experiments con- 
ducted under controlled conditions if a full explanation of any 
phenomenon is to be obtained. 


Some of the work may be slow and tedious. For example, the 
growth of living things must follow its natural course; experiments 
and studies in genetics and heredity, which are conducted on 
succeeding generations of plants and animals, may take years. 


PREPARATION AND TRAINING 


Education for a career in biology is usually taken at a university 
in the faculty of science. At present, 23 universities and colleges 
list first-degree courses in biology, others list botany, physiology, 
and zoology as separate degree courses. Agriculture and forestry 
courses are also heavily weighted with biology. 


Approximately 65 per cent of the biologists have postgraduate 
degrees. 
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EMPLOYMENT OF BIOLOGISTS 


Few biologists are self-employed; they usually work in industry, 
government or in the field of education. A recent study of grad- 
uates in biology revealed that less than 20 per cent were working 
in business and industry; about 45 per cent were in government 
service, and the rest were employed in the field of education. 


Federal and provincial governments employ staffs of biologists 
to do research, give technical advice in formulating legislation, set 
standards of quality and purity, and help carry out inspection and 
control. 


Canada’s marine and freshwater fish resources, both commer- 
cial and sporting, are extensive and provide opportunities for 
research and management in federal and provincial government 
departments. The conservation of game and fur-bearing animals, 
migratory and resident birds, is a field of opportunity for wildlife 
biologists. 


Preservation of the nation’s health is a biological problem which 
concerns not only the medical profession, but also biologists spe- 
cializing in food and drugs, parasitology, pest control, nutrition, 
etc. In military defence there are problems of biological warfare, 
nuclear radiation, and space medicine. 


Biological products and processes play an important and 
sometimes basic role in some industries; for example, drug and 
pharmaceutical houses, private industrial laboratories, food and 
beverage processors, manufacturers of paper, textiles and other 
organic products. 


OUTLOOK 


Advances in biological science may not be as dramatic as those 
in other scientific fields, although they are often basic to human 
welfare. With continuing growth of government and university 
activity in biological research, in which 85 per cent of the biol- 
ogists are employed, steady increases in demand are expected. 


60 


ORGANIZATIONS 


Canadian Society of Plant Physiologists, Dept. of Botany, University 
of Toronto, Toronto, Ont. 


Canadian Physiological Society, Defence Research Laboratories, P.O. 
Box 62, Station K, Toronto, Ont. 


Canadian Phytopathological Society, Plant Research Institute, Central 
Experimental Farm, Ottawa, Can. 


Canadian Biochemical Society, Ontario Agricultural College, Guelph, 
Ont. 


Canadian Society of Microbiologists, Institute of Microbiology, 2900 
Mont-Royal Blvd., Montreal, P.Q. 


Entomological Society of Canada, K. W. Neatby Bldg., Central 
Experimental Farm, Ottawa, Can. 


ADDITIONAL READING 


Books 
Bergier, Jacques. Mystére de la vie. Paris. Centurion. 1957. 


Chambers, Robert W. and Alma S. Payne. From Cell to Test Tube. New 
York. Scribner. 1960. 
Aims at a better understanding of the value and scope of biology 
and indicates some directions it may take in the future. 


Reidman, Sarah R. Charles Darwin. New York. Holt & Co. 1959. 


Vallery-Radot, Pierre. Notre corps, cette merveille. Paris. Editions Bour- 
relier. 1945. 140 p. 
Discusses the various organs and functions of the human body. 


Bulletins and Pamphlets 


Guidance Centre. Biologist. Monograph. Ontario College of Education. 
Toronto. 1960. 


National Academy of Sciences—National Research Council. Career 
Opportunities in Biology. Rockefeller Institute for Medical Research, 
New York. 1956. 63 p. 

Defines biology and outlines the various specializations and 
opportunities. 
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VII 
SCIENCE IN AGRICULTURE’ 


Photo: Canada Department of Agriculture 


Agricultural scientists examine a field crop of peas. 


Agriculture is an industry concerned broadly with the cultivat- 
ing, harvesting, storing and marketing of plants, and the breeding, 
raising and marketing of domestic animals. Scientists who work 
within the scope of agriculture are, by definition, agricultural 
scientists, although their fields of specialization may be in biology, 
chemistry, physics or geology. Agricultural scientists may also be 
concerned with economics, sociology, finance, marketing, produc- 
tion, and aspects of agricultural engineering such as irrigation, 
machinery, power, processing, and farm structures. 


1 Read first, Section I, “Science in General”. 
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Provision for the orderly management of agriculture in Canada 
was made in the BNA Act of 1867, with responsibility shared by 
the federal government and the provinces. The federal government 
assumed the major role in agricultural research and in 1886 estab- 
lished a number of experimental farms under the direction of Dr. 
William Saunders. 


Agriculture is one of Canada’s most important primary indus- 
tries, and contributes almost 6 per cent of the gross national 
product in raw materials. From her 300 thousand square miles of 
arable land comes food for the world’s rapidly expanding popula- 
tion. Scientists in this industry, therefore, occupy an important 
place in the nation’s scientific and technical manpower. Their 
work is to investigate how to increase productivity of farm lands, 
raise the quality of production, and reduce losses caused by pests 
and disease. 


NATURE OF THE WORK 


University-trained graduates in agricultural science may work 
in any of a number of broad fields of specialization. These include 
scientific research, inspection and control, teaching, extension and 
promotion services, technical sales, administration and, of course, 
farming. 


Each field has its own set of functions, requiring special skills, 
personality characteristics and qualifications. 


Scientific Research 


About one fifth of the agriculturists are engaged in research. 
This activity covers research work in all the natural sciences as 
they apply to the utilization of plants and animals. It includes the 
development of new strains and varieties; their nutrition, diseases 
and pests; methods of engineering, and processing for human con- 
sumption. It also includes the fields of economic and social science 
relating to farm management, marketing, community develop- 
ment, and regional, national and international economic policy. 


Qualifications 
The usual qualifications for scientific research, outlined on p. 
16, apply to this field. 
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A farm background is helpful for those whose research takes 
them into the field to deal with agricultural methods, crops and 
livestock. A bachelor’s degree in science is essential, preferably in 
agricultural science. Those who wish to advance in research work 
should plan to do postgraduate studies leading to a master’s 
degree or a doctorate. 


Inspection and Control 


This work includes grading and inspecting meats, dairy prod- 
ucts, fruit and vegetables, eggs and poultry, seeds, wool and other 
agricultural products, the administration of laws covering the 
control of plant and animal diseases, and the quality of feeds, 
fertilizers and spray materials. Control of contagious diseases of 
animals is undertaken mainly by the federal Department of 
Agriculture. 


Qualifications 


A degree in veterinary science is needed for supervising the 
inspection of the health of animals and of grading meat. Most 
other fields of inspection and control are open to graduates in 
agricultural science. Some junior inspector classes require two or 
three years in college, or a good background of practical experi- 
ence on the job. Inspectors dealing with farmers or meat-packing 
houses find a farm background very useful. 


Extension and Promotion Services 


Most provinces and some universities offer agricultural exten- 
sion services to encourage farmers to use scientific farming 
methods and to take advantage of opportunities for farm improve- 
ment and rural community development. 


Local extension workers are known as agricultural representa- 
tives, district agriculturists or, in Quebec, agronomes. Their work 
includes preparing printed material, speeches and other informa- 
tion, organizing meetings, campaigns, clubs, and generally promot- 
ing scientific agriculture in their areas. They are assisted by 
extension specialists from provincial departments of agriculture 
or agricultural colleges who are skilled in such fields as livestock, 
fruit, field crops, etc. 
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Qualifications 


With few exceptions, a degree in agriculture, or its equivalent, 
is necessary for extension workers. They must be familiar with the 
agricultural possibilities and problems in their area in order to 
provide farmers with relevant scientific and economic information 
from universities and government agencies. 


They must be able to get along with others and have an aptitude 
for making their ideas understood and accepted by farmers. Good 
health and ability to withstand extensive travel and long—often 
irregular—hours, are important. A farm background is almost 
indispensible. 


Teaching 


In addition to lecturing, this may include research. The teach- 
ing schedule may include instruction to students working toward 
a degree, a diploma, or a short-course certificate in some aspect of 
agriculture. About one quarter of the agriculture scientists are 
engaged in teaching as their main function. 


Qualifications 


Qualifications for teaching agriculture vary, and may range 
from a teacher’s certificate in secondary schools to a degree in 
science or agriculture for teaching in a college or university. 
Teaching in the latter usually requires a postgraduate degree. 


Technical Sales, Service, Marketing and Purchasing 


The economic as well as the scientific and technical aspects of 
agriculture are reflected in this kind of work. Private businesses 
and government departments catering to the needs of farmers are 
the main employers. 


Qualifications 


This work requires persons with a good combination of tech- 
nical knowledge, business sense, and the ability to deal with 
people, in addition to a familiarity with farm problems. Investiga- 
tion shows that a bachelor’s degree in science or agriculture is 
generally sufficient background for work of this nature, although 
postgraduate degrees may be required for some technical positions. 
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Farming 


Many graduates in agriculture are operating farms, and use 
their specialized training in applying scientific methods to farm- 
ing operations. The variety of functions involved in organizing 
and operating a farm need hardly be detailed here. 


Qualifications 


Since farming is a way of life as well as a business and scientific 
enterprise, personal attitudes and interests are important in deter- 
mining success. It is not unuual for a farmer’s son, who has had 
the opportunity to evaluate his liking for farming, to prepare him- 
self by formal scientific training eventually to take over manage- 
ment of the farm, or to find employment elsewhere as a farm 
manager. 


Administration 


Administration consists in organizing, planning and directing the 
work of a scientific section or division, handling personnel, and 
dealing with the day-to-day problems that arise in any organization. 
Although administration is not in itself a scientific activity, a sub- 
stantial number of scientists find themselves involved in admin- 
istrative duties, sometimes to the exclusion of work in science. 
In many cases this has been the only avenue of advancement for 
a scientist. However, as pointed out on p. 24, increasing attention 
is now being paid to creating ladders of advancement which 
depend on scientific ability alone. 


Qualifications 


High technical ability is not usually required for administrative 
work; the main prerequisites are leadership, ability to plan and 
organize work for groups of people, and skill in human relations. 
These are rare and valuable attributes, sometimes acquired only 
after long experience, which may account for the fact that admin- 
istrative positions are usually well paid, and occupied mainly by 
senior personnel. 


PREPARATION AND TRAINING 


Practice of agricultural science on a professional level requires 
a four-year course at a university faculty of agriculture, leading to 
a bachelor’s degree. Surveys show, however, that small numbers 
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of graduates in biology, chemistry, forestry or general science also 
find careers in the agricultural field. Conversely, a substantial num- 
ber of graduates in agriculture find employment in fields outside 
agriculture—in bacteriology, biology, chemistry, geography, math- 
ematics, physics, physiology and biochemistry. It is evident that 
degree courses in agriculture are broad enough in scope to pre- 
pare graduates for a wide variety of scientific careers. 


Practical experience in agriculture is required by most uni- 
versities before a degree is granted. Students who come from urban 
areas may have to find summer employment in agriculture in order 
to satisfy requirements. The Federal Department of Agriculture 
employs many student assistants for the summer months. 


EMPLOYMENT OF AGRICULTURISTS 


Since governments are vitally interested in agricultural progress, 
it is not surprising that the federal and provincial departments of 
agriculture employ nearly 60 per cent of the scientists in this field. 
About 30 per cent are employed by industrial and commercial 
firms concerned with selling goods to farmers, financing their 
enterprises, processing, marketing or transporting their products, 
or publishing periodicals of interest to farmers. 


Educational institutions employ about ten per cent of the 
agriculturists, the majority of whom work in universities and 
colleges. 


OUTLOOK 


Continued and steady growth in demand for agricultural 
scientists is expected through the years ahead. Need for the 
scientific approach in almost all areas of agriculture has become 
well established over the past half century. Such trends as the 
movement off the land, rising labour costs and strengthening 
world competition, have led to increasing farm mechanization, 
better land usage, introduction of new products and improved 
methods of operation. These trends can be expected to continue, 
with even greater reliance in future being placed on the discoveries 
of science. 
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ORGANIZATIONS 


Agricultural Institute of Canada, 176 Gloucester St., Ottawa 4, Canada. 


La Corporation des Agronomes, Room 902, 10 St. James St. W., 
Montreal, P.Q. 


ADDITIONAL READING 


Agricultural Institute of Canada. Careers in Agriculture (Carriéres agro- 
nomiques). Ottawa. 24 p. 


Outlines the wide range of careers open to graduates in 
agriculture. 


Agricultural Institute of Canada. Careers in Agriculture. (Reprint from 
Agricultural Institute Review, March-April 1957). 68 p. 


Each section is written by a person engaged in a particular branch 
of agriculture. 


Department of Agriculture. Farming in Canada (Agriculture canadienne). 
Information Division, Ottawa. 1960. 80 p. 


Briefly outlines agricultural districts, methods of farming, crops, 
farm population and services available to farmers. 
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VI 
FOREST SCIENCE’ 


Forest science is concerned with the establishment, protection, 
and care of forests; the measurement of trees and timber stands; 
surveying and mapping of timber stands; and the cutting, extrac- 
tion, measurement, and use of wood. 

Forests are one of Canada’s most valuable renewable resources. 
Total forested land amounts to more than 1,700,000 square miles, 
of which nearly 60 per cent contains merchantable timber. The 
federal government is responsible for administering all forests 


1 Read first, Section I, “Science in General’’. 


Photo: NFB 


Tree physiologist uses a portable scintillation counter to measure 
radiation at the top of a tree. Flow of nutrients through a tree is 
determined by introducing a radioactive isotope into the food 
stream. Readings of radioactivity, taken at various levels, indicate 
the rate at which this food passes through the tree. 


69 


in national parks and some experimental forest stations within 
provincial boundaries, and the relatively unknown forests of the 
Yukon and Northwest Territories. Provincial governments admin- 
ister publicly owned forests within their boundaries. They protect 
the forests from fire, look after leasing of timber lands, and con- 
trol cutting operations. Logging is carried out by private operators. 


Canada’s forest research started in 1917 when the federal 
Forestry Branch was authorized to conduct silvicultural experi- 
ments at Petawawa Military Reserve in Ontario. The first research 
forester was appointed in 1918. Now, with headquarters in 
Ottawa, and district offices or experimental centres located in all 
provinces, research is carried forward in co-operation with pro- 
vincial governments and the forestry industry. 


Creation of a federal Department of Forestry in 1960 brought 
together federal responsibility for all aspects of forest management 
and research formerly shared by the Forestry Branch of the 
Department of Northern Affairs and National Resources, and the 
Department of Agriculture. 


NATURE OF THE WORK 


To the forester, a forest site is much more than a collection of 
trees of economic importance to be exploited for immediate profit. 
It is a complex biological system, consisting mainly of trees and 
other minor flora, which is affected in varying degrees by terrain, 
soils and climate, plant diseases, insects and parasites, wildlife, 
fires, and logging operations. Broadly speaking, it is the function 
of Canada’s foresters to protect and manage the forests in a way 
that yields the most benefit to the Canadian people both now and 
in the future. 


Forestry is similar to agriculture in that it is based to an 
increasing extent on scientific research while retaining its practical 
economic and engineering aspects. 


Science aspects of forestry lie in research leading to a better 
understanding of the factors affecting the growth and regenera- 
tion of forests. This includes silviculture, forest ecology, forest 
entomology and forest pathology, all of which derive from bio- 
logical science (see Section VI) with special reference to forest 
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problems. Chemistry and physics also contribute to the total 
picture of forestry research in studies on soil analysis, insecticides 
and fungicides, weather and climate conditions, and the develop- 
ment and testing of fire fighting methods and equipment. 
Research is the main function of about 20 per cent of Canada’s 
foresters. 


Operational or engineering aspects of forestry are illustrated by 
the harvesting of the forest crop. In this work, foresters are 
engaged in surveying and mapping timber tracts, calculating the 
volume of timber in a tract and the cost of extracting it. They 
plan and execute logging operations, including the location and 
construction of extraction roads, improvement of streams for driv- 
ing logs, construction of dams and bridges, and the supervision of 
logging camps and woods workers. About 20 per cent of the 
foresters are engaged in the production aspect of forestry, 10 per 
cent are in field exploration, and a small number are in marketing. 


Separation of research and engineering aspects of forestry is not 
always clear cut. Individual foresters may find themselves involved 
in a variety of activities as generalists; others may become highly 
specialized in research. Nearly 35 per cent of the foresters—the 
largest proportion of those in any of the science fields—are 
engaged chiefly in executive, management or supervisory work. 
On the other hand, less than 5 per cent—the smallest proportion 
of those in any science field—are engaged in teaching as their 
main function. 


EMPLOYMENT OF FORESTERS 


More than half of Canada’s foresters are employed by industrial 
concerns, particularly pulp and paper and to a lesser extent, 
lumber companies. They are mainly engaged in harvesting and 
marketing the forest crop or in administration. Some are employed 
by secondary industries using or making forest products. 


With the exception of a small number of foresters employed in 
the educational field, the remainder are employed in government 
service, about two thirds of whom are with provincial govern- 
ments. Many of the foresters employed by provincial governments 
are engaged in fire protection; others are engaged in the disposal 
of timber rights on provincial Crown lands and, after these rights 
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have been granted, in carrying out inspections to ensure that the 
agreement with the private company has been observed. A con- 
siderable number of foresters are engaged in reforestation and, 
others in a variety of duties related to forestry in general. 


The federal Department of Forestry, in co-operation with the 
provincial governments and universities, is conducting extensive 
research in silviculture, forest fire protection, forest management, 
forest entomology and pathology, and forest products. 


PERSONAL QUALITIES NEEDED 


Forest science will appeal to those who love the outdoors and 
have a deep appreciation of the value and beauty of forests and 
the creatures that live in them. The wide variety of activities 
related to forestry, from the practical economics of forest man- 
agement and problems of harvesting, to the enigmas of forest 
research, make forest science attractive to people of widely dif- 
fering interests and abilities. 


Invariably, and particularly at the beginning of a graduate’s 
career, much of the work will be outdoors, with all the attendant 
discomforts of inclement weather, insects, dangers and isolation, 
as well as the healthy stimulation and satisfaction that come with 
living in the woods. Forestry work, much more than other science 
fields, demands a robust physique and good eyesight, resourceful- 
ness, ingenuity, and ability to take care of oneself in the woods. 


Frequent field trips take foresters away from home, and the 
increasing use of specially equipped trailers is making it possible 
to do more and more laboratory work while in the forest. Such 
field trips interfere with regular home life and call for some sacri- 
fice on the part of the forester and his family. However, the use of 
trailers is also making it possible for the forester’s family to 
accompany him on field trips. 


Young people can test their interest in and ability for forestry 
work and life in the outdoors through activity in scouting, camp- 
ing, field naturalist and 4-H clubs. Further information may be 
obtained by speaking to local forestry officials, and by visiting an 
experimental forestry station or logging establishment. 
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PREPARATION AND TRAINING 


Most foresters enter the profession by graduating from a uni- 
versity faculty of forestry. The course leading to a bachelor’s 
degree is usually four years and provides broad training in various 
aspects of forestry: dendrology, forest protection, forest soils, 
silvics, silviculture, wood structure and technology, forest mensura- 
tion, logging, forest utilization, and a forest management project. 
Related subjects are taken: physics, zoology, forest entomology, 
botany, chemistry, surveying, photogrammetry, mathematics and 
statistical methods, and also literature and composition, economics, 
history, and business administration. As a rule, students can select 
optional subjects for particular study in latter years of their course. 


Universities offering degree courses in forestry are: University 
of British Columbia, Laval University, University of New Bruns- 
wick and University of Toronto. The University of British Colum- 
bia offers graduate studies leading to a doctorate; the other three 
offer courses leading to a master’s degree. Practical experience in 
the field is necessary, as a rule, to qualify for a degree. Registra- 
tion with the provincial forestry association is necessary before a 
person can practise forestry in British Columbia, Ontario, Quebec 
and New Brunswick. 


A survey of scientists and technical personnel in forestry in 
1960 indicated that nearly 80 per cent had bachelor degrees and 
nearly 20 per cent had postgraduate degrees. 


OUTLOOK 


Our forests, long treated as an expendable asset, are now con- 
sidered a precious renewable resource. Increasing emphasis on 
scientific management, conservation and utilization, as seen in the 
formation of a federal Department of Forestry, should lead to a 
greater demand for forest scientists in the years to come. The 
number of positions in the federal government, for example, is 
expected to double in the next ten years. 


ORGANIZATIONS 


Canadian Institute of Forestry, c/o Macdonald College, Ste. Anne 
de Bellevue, Que. 


Corporation des Ingénieurs forestiers de la province de Québec, 
895 rue d’Aiguillon, Québec, Que. 
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Ontario Professional Foresters Association, 
357 Botsford St., Newmarket, Ontario 


Association of British Columbia Foresters, 
c/o Faculty of Forestry, University of British Columbia, 
Vancouver, B.C. 


Association of Registered Professional Foresters of New Brunswick, 
P.O. Box 231, Fredericton, N.B. 


ADDITIONAL READING 


Bulletins and Pamphlets 
Canadian Institute of Forestry. The Canadian Forester in his Job. Toronto. 
1958. 


A collection of talks by professional foresters delivered at a 
meeting of the Vocational Guidance Directors of Secondary Schools 
of Metropolitan Toronto. 


Guidance Centre. Forester. Monograph. Ontario College of Education. 
Toronto. 1961. 


Department of Forestry. Motor Building, Ottawa. Canada’s Forests, 
1951-1955. 1957. 
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LOCAL INFORMATION 
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LOCAL INFORMATION 


CANADIAN OCCUPATIONS FILMSTRIPS 


The Department of Labour has prepared, to date, the 
following occupational filmstrips in collaboration with the 
National Film Board. A manual has been prepared as an 
accompaniment to each filmstrip. These may be purchased 
from the National Film Board, Box 6100, Montreal, or from 
any one of its regional offices. Prices in Canada: Black and 
white prints $2.00; colour, $4.00. 


Plumber, Pipefitter and Steamfitter 

Careers in Engineering (revised in colour) 
The Social Worker 

Technical Occupations in Radio and Electronics 
Bricklayer and Stone-Mason 

Printing Trades 
*Careers in Natural Science (revised in colour) 
Careers in Home Economics 

Motor Vehicle Mechanic 

Mining Occupations 

Draughtsman 

Careers in Construction 

Machine Shop Occupations 

Sheet-Metal Worker 

Careers in Meteorology 

Medical Laboratory Technologist (in colour) 
Teacher (in colour) 


Office Occupations (in colour) 


*A visual presentation of the essential facts in this monograph. 


CAREERS IN NATURAL SCIENCE 
Monograph No. 21 
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FOREWORD 


During recent years there has been a steadily increasing 
demand for up-to-date information on occupations. 


This demand comes from youth faced with the need of 
choosing an occupation and of selecting the type of training 
required; from parents, teachers and other counsellors; from 
workers shifting to other occupations; from employment service 
officers; from directors of personnel and union officials, and 
from other quarters. 


This series of monographs and an accompanying series of 
pamphlets, the latter containing similar information in a con- 
densed form, are attempts to meet this demand. 


These publications represent an expansion of an earlier 
series issued by the Department of Veterans Affairs to assist 
members of the armed forces returning to civilian life following 
the end of the war. These current series, designed for general 
use, cover a wide range of occupations, including professions. 
They indicate, among other things, the nature of the occupa- 
tion or group of occupations, entrance and training require- 
ments, working conditions and opportunities in each. 


This monograph, as was the case in those which preceded it, 
was prepared by the research staff in the Occupational Analysis 
Section. In the case of this monograph valuable assistance, by 
way of providing information and checking basic material, 
was given by officials of the Departments of National Health 
and Welfare and Veterans Affairs, the Canadian Nurses’ Asso- 
ciation and the Salvation Army. The contribution of these 
officials, together with the assistance of the Unemployment 
Insurance Commission, the Vocational Training Branch of the 
Department of Labour and the Dominion Bureau of Statistics 
is gratefully acknowledged. 


DIRECTOR, 
Economics and Research Branch, 
Department of Labour. 


June, 1954. 
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HOSPITAL WORKERS 
(Other than Professional) 
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Photo: N.F.B. 
An X-ray Technician at work. 
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HISTORY AND IMPORTANCE 


Hospitals for the care and treatment of the sick have played 
a very important role in the evolution of society. The rulers 
of India, Persia and Arabia maintained such institutions in 
very early times. Healing was practised in the temples of 
ancient Egypt, Greece and Rome. In 300 B.C., according to 
tradition, the ‘‘House of Sorrow’’, was founded in Ireland for 
the care of the sick and wounded. With the spread of Chris- 
tianity, hospitals multiplied rapidly, and soon monasteries had 
some provision for the care of patients. The first recorded 
hospital in England was one founded in 900 A.D. by the Arch- 
bishop of Canterbury; in Canada, the Hotel Dieu du Precieux 
Sang of Quebec City was established in 1639. 


In the course of time hospitals began to spring up in the 
larger centres, and then in smaller communities. Soon it became 
evident that the church groups, which had sponsored their 
organization, were unable to keep pace with the demand for 
such services. Public hospitals having no church connection, 
and administered by a board of interested citizens, became 
increasingly numerous. The next step was the development of 
hospitals designed for special types of illness, sometimes opera- 
ting as an independent unit and sometimes as one of a group. 


In early times, the persons engaged in caring for the sick — 
the doctors and nurses— were usually connected with the 
church. As the demand for treatment facilities increased, larger 
institutions, including non-sectarian hospitals, came into being 
and thus the demand for lay workers to staff these institutions 
increased. Legislation on social and sanitary matters added 
to the need. 


We now have engaged in hospital work definite occupational 
groups, which may be roughly divided into three main categories: 
a professional class of doctors, registered nurses (and nurses-in- 
training), dietitians, pharmacists, occupational and _ physical 
therapists, some highly trained technicians, medical and psychi- 
atric social workers and medical librarians; a semi-professional 
class — workers who have a certain technical training in labora- 
tories or in the operation of equipment (such as X-ray 
machines); and a non-professional class — the auxiliary nursing, 
housekeeping, kitchen and clerical staffs, and tradesmen. In 
addition to these three classes of workers some large hospitals 
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engage non-medical superintendents in an administrative 
capacity: 

It is the semi-professional and non-professional workers 
who will be considered in this monograph. Special emphasis 
will be laid on the requirements and training of certain auxiliary 
nursing groups that are being used extensively in many hospitals 
to augment the services of the professional staff. 


Auxiliary nursing workers have been used to some extent 
in hospitals for many years, but it was not until the First World 
War, and more particularly the Second World War, when nurses 
and doctors were scarce, that these workers became a recognized 
part of the hospital nursing team. Routine duties, not requiring 
professional care, were assumed by them after they had received 
appropriate training. 


FIELD OF WORK 


The field of work is the hospital, an institution where people 
who are physically or mentally ill are brought for treatment 
and care, either as in-patients or out-patients. Hospitals are 
not all alike. They have certain basic similarities, since their 
common aim is the care of the sick and injured, but there is 
considerable variation in staff requirements and conditions of 
work because of the kind of patients admitted and, to a lesser 
degree, the ownership or control of the hospital. This diversity, 
added to that of size, makes it impossible to apply specific 
details to all cases. 


General Hospitals — This is the familiar hospital that is 
found in most communities, in which patients requiring many 
types of treatment are cared for. Institutions of this kind may 
be small, in which case all patients will be cared for by one staff, 
or they may be highly developed, having ‘‘wings”’ or ‘“‘floors’’, 
each with its own staff of workers and equipment, set aside for 
patients having a particular illness. 


Special Hospitals — In many cases it is found advisable, 
because of the particular nature of the illness, the number of 
such cases to be cared for, the special treatment the patients 
require and the expensive equipment necessary, to establish 
hospitals which limit their services to a single field. Special 
hospitals are found chiefly in or near large centres, though 
sanatoria are an exception in this respect. 
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Special hospitals include mental hospitals, where patients 
having mental illnesses are treated and cared for; tuberculosis 
sanatoria; women’s hospitals for gynaecological and maternity 
patients; children’s hospitals for the care of children only; hospitals 
for chronic illness; convalescent hospitals for the treatment and 
care of patients recovering from an illness or injury. Also there 
are in operation a few small hospitals or “‘clinics’’ for the treat- 
ment of a particular illness. Isolation hospitals for the treat- 
ment of contagious and infectious diseases are sometimes separate 
institutions. 


General and special hospitals may be either government 
or non-government owned and controlled. 


Government-owned-and-operated hospitals include those of 
the Federal Government Department of National Defence, 
(Navy, Army and Air Force Hospitals), Department of Veterans 
Affairs, (Veterans’ Hospitals), and Department of National 
Health and Welfare, (Indian Health Services, Marine and Quar- 
antine Hospitals); and Provincial, County and Municipal 
hospitals. Mental and tuberculosis hospitals are largely pro- 
vincial institutions. 


Non-government hospitals are those operated by religious 
organizations, communities, fraternal orders, and the Red Cross, 
as well as private hospitals operated on either a profit or a non- 
profit basis. 


DUTIES 


Semi-professional workers, such as pathological, blood bank 
and X-ray technicians, work under professional direction in 
their own fields. 


The non-professional personnel of a modern hospital may 
be divided into five teams of workers, each with its specific 
sphere of work. 


Working under the close supervision of the registered nurses 
is a group of auxiliary nursing workers, who assist in the care 
of the patients. The trained nursing assistant (‘‘nurses’ aide”’ 
or ‘‘practical nurse’’) is a comparatively new addition to hospital 
personnel, and his or her duties and titles in the various hospitals 
and provinces have not yet been uniformly established. In 
mental hospitals there is the psychiatric aide and attendant. 
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These workers carry out a multitude of simple tasks, making 
life more pleasant for the patient and releasing the trained 
nurse for more responsible duties. The trained orderly holds 
an equally important position on the nursing team, and is 
responsible, among other things, for much of the personal care 
of male patients. 


The general duties of the other four groups parallel those 
done by similar personnel in a large hotel: the kitchen staff are 
employed in preparing food for the patients, including special 
diets, and for the staff; housekeeping staff, comprising women 
and men, maintain a high standard of cleanliness on the premises, 
and do the mending and laundry; tradesmen and allied workers 
include maintenance tradesmen and other workers such as 
truck and ambulance drivers, operators of mechanical equip- 
ment and grounds keepers; the clerical staff does work similar 
to that found in a general office. 


Some appreciation of what is generally required in a hospital 
may be gathered from the list of main occupations and duties 
which follows. The size and type of the institution will make 
for variations in duties. 


SEMI-PROFESSIONAL GROUP 


A Blood Bank Technician prepares donors, extracts the blood, 
types and stores it, and maintains records. 


A Pathological Technician performs mechanical work in 
a laboratory while working under close supervision: detects 
the presence or absence of bacteria by making tests, using such 
instruments as microscopes and micrometers. 


The X-ray Technician assists the radiologist by operating 
X-ray equipment: prepares patients for treatment, manipulates 
switches to regulate time and intensity of exposure, and develops 
films; many specialize in X-rays of certain parts of the body, 
such as the chest, abdomen, etc. 


NON-PROFESSIONAL GROUP 


AUXILIARY NURSING GROUP 


The trained Nursing Assistant (‘‘nurses’ aide’’ or ‘“‘practical 
nurse’) who has taken a course at one of the approved schools 
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of nursing, carries out simple nursing procedures under the 
supervision of a registered nurse; such as bedmaking, bathing 
of patients, making a patient comfortable, taking of temper- 
atures and minor treatments. 


Increasingly, the nursing assistant is looked upon as an 
important and indispensable member of the Nursing Team and 
her work offers many opportunities for personal satisfaction. 


The Psychiatric Atde and the Psychiatric Attendant (“‘practical 
nurse with psychiatric training’’) also carry out nursing duties 
under the supervision of a registered nurse but in a mental 
hospital. Their duties, in most cases, will be somewhat different 
from those of the general nursing assistant and will include 
such tasks as assisting a number of patients in their daily routine 
and reporting to the supervisor any change in their behavior. 


The Ward Aide (‘‘ward maid’’) may also, on occasion, assist 
in simple nursing procedures, such as dressing and feeding of 
patients, but the main part of her duties is likely to be in the 
housekeeping area — cleaning of patients’ units (beds, lockers, 
tables), cleaning of equipment and the care of flowers. 


The Orderly (‘‘nursing attendant’’) assists the nursing staff 
by performing various heavy duties: lifts patients to and from 
beds, wheels them to and from the operating room, moves 
equipment and supplies; many carry trays, make beds, do 
cleaning and odd jobs and attend to the personal care of male 
patients. Orderlies who have more than the minimum training 
required may, in addition, give simple treatments under the 
supervision of a nurse, or may be attached to a specific depart- 
ment, such as an operating room or pathological department, 
where they perform special duties. 


A Ward Clerk performs certain clerical duties in the ward 
office under the direction of the head nurse; answers the tele- 
phone, directs visitors, keeps records, writes discharge forms, 
takes messages, and does other clerical duties. 


KITCHEN STAFF 


The feeding of patients and staff, usually under direction 
of a dietitian, requires the following workers: chef, cooks, 
butchers, vegetable preparers, dishwashers, waiters and kitchen- 
maids. Their duties are indicated by their titles. 
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HOUSEKEEPING STAFF 


In charge of this group is a housekeeper, who sets and main- 
tains standards of cleanliness and efficiency, and assigns duties, 
gives out supplies and equipment, and has charge of linens. 
Her subordinates include: porters, wallwashers, window-cleaners, 
charwomen, maids, linen-room women (or men), seamstresses, 
laundrymen and laundresses, and stock clerks. 


TRADESMEN AND ALLIED WORKERS 


This group includes such skilled men as gardeners or grounds 
keepers, stationary engineers, carpenters, plumbers, electricians 
and painters. 


Elevator operators (passenger or freight), truck drivers, 
watchmen and labourers are also employed. 


CLERICAL STAFF 


Depending on the size of the institution, there may be found: 
office manager, personnel clerk, accountants, bookkeepers, steno- 
graphers, office machine operators, switchboard operators, and 
general clerks. Some of these will need to acquire a knowledge 
of hospital routine and of medical terminology, particularly 
so in the case of secretaries and clerks assigned to doctors or to 
laboratory work. 


QUALIFICATIONS 


Within the field of semi-professional and non-professional 
workers in hospitals, there is a place for both men and women 
who can meet the standards of a particular institution. Tech- 
nicians, nursing assistants, psychiatric aides and attendants, 
and orderlies must be, in most cases, at least 18 years of age; other 
workers may be younger in accordance with the minimum age 
regulations of the various provinces. 

All workers must submit to a medical examination and show 
a clean bill of health. Those who work with foods must have 
check-ups at regular intervals. 


In most hospitals the minimum educational standard for 
technicians is Grade 12 or 13, for nursing assistants, psychiatric 
aides and attendants, and orderlies, Grade 8 to 10. Tradesmen, 


such as cooks and maintenance tradesmen, are expected to 
have completed their training prior to employment in a hospital. 
There is no educational standard set for those doing cleaning 
or other tasks where the worker has little responsibility, or 
needs to possess only special skills. 


Hospital routine and atmosphere demand that all workers, 
and particularly those who come into contact with the patients 
or visitors, perform their duties in a sure and efficient manner, 
and that they exercise good judgment, be courteous, pleasant 
and of neat appearance. A good memory is a definite asset. 


TRAINING 


Workers who have no contact with patients seldom undergo 
any training other than that in their own duties to fit them for 
their work, although in some hospitals first aid is given or a 
short course planned to help them become adjusted to their work. 


There is no uniform course of training for the semi-profes- 
sional or non-professional staffs, as it has been left to the various 
hospitals to develop their own programs to fit their individual 
needs. Many hospitals have done this in the past and are con- 
tinuing to do so, particularly hospitals or groups of hospitals 
operated by the various religious orders doing general or sana- 
toria nursing, and by mental and tuberculosis hospitals. 


As an indication of what training courses are available, and 
the type of training given, certain of the better-known programs 
are outlined: 


Pathology and Blood Bank Technicians 


These are relatively new fields of work; in many cases such 
employees are used as assistants only, while in others, they 
may be responsible for the complete task. Both occupations 
are made up largely of women workers. 


While the practice is not universal, some hospitals are now 
giving a one-year course, at the completion of which successful 
students are granted a certificate. Those wishing to enter a 
course must be at least 18 years of age, have a Grade 12 standing 
and be interested in exacting work; must be sympathetic and 
reassuring, as their attitude will have an effect on the patient 
and on public relations. 
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The training that a technician receives in a hospital is, for 
the most part, on the job. This is complemented by lectures on 
related subjects such as anatomy, physiology and psychology, 
etc., and also on the equipment and methods used. 


X-ray Technician 


This occupation is also a relatively new one, and the majority 
of technicians are women. Some enter the occupation after 
one or two years of university training, or through special 
courses after obtaining a nursing diploma. A substantial number 
begin in a hospital or clinic, where they learn by working in an 
X-ray department and by taking lectures in related subjects. 
The applicant should be at least 18 years of age and have com- 
pleted Grade 12. 

Students who enter a hospital or clinic, where the training 
program has been approved by the Canadian Association of 
Radiologists and the Canadian Society of Radiological Tech- 
nicians and is conducted under the direction of a qualified 
radiologist, are permitted after two years training, to write 
their examination for a certificate and to use the title 
of Registered Technician (RT). 

Training has been approved at the following hospitals and 
related institutions in Canada. 


Nova Scotia 


Halifax — The Halifax Infirmary 
Antigonish — St. Martha’s Hospital 


New Brunswick 
Saint John — St. Joseph’s Hospital 


Quebec 
Montreal — The Royal Victoria Hospital, Montreal General Hospital, 
and a number of other hospitals that are participating in a 
well organized training program. 
Ontario 
Chatham — General Hospital 
Cornwall — Hotel Dieu Hospital 
Hamilton — General Hospital 
Kingston — General Hospital 
Ottawa — General Hospital 
Toronto — Toronto General Hospital 
— Sunnybrook Hospital 


Manitoba 


St. Boniface — St. Boniface Hospital 
Winnipeg — The General Hospital 
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Pathologist and Technician examine diseased tissue. 
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Saskatchewan 
Moose Jaw — Moose Jaw General Hospital 
Regina — Regina General Hospital 
— The Grey Nuns’ Hospital 
Saskatoon — Saskatoon City Hospital 
— St. Paul’s Hospital 
Alberta 


Calgary — The General Hospital 

— The Colonel Belcher Hospital 

— The Radium and X-ray Institute 
Edmonton — University of Alberta Hospital and Clinic 


British Columbia 


Vancouver — The General Hospital 
— St. Paul’s Hospital 
— Shaughnessy Hospital 
Victoria — St. Joseph’s Hospital 
— Royal Jubilee Hospital 


For additional information concerning other possible centres 
of training, enquiries should be made of the secretary of the 
Member-Society of the Canadian Society of Radiological Tech- 
nicians in the appropriate province. 


Nova Scotia Society of Radiographers 

New Brunswick Society of X-ray Technicians 
Quebec Society of X-ray Technicians 

Ontario Society of Radiographers 

Manitoba Society of X-ray Technicians 
Saskatchewan Society of X-ray Technicians 
Alberta Society of Radiological Technicians 
British Columbia Society of X-ray Technicians 


Nursing Assistant, (Nurses’ Aide, Practical Nurse) 


The formal training of a nursing assistant, nurses’ aide, 
or practical nurse, is a recent development. Many untrained 
women have performed great service in the home, being of 
assistance in the sick room and in caring for the immediate 
needs of the other members of the family. The nursing assistant 
can now perform this necessary task, better equipped for the 
job through training, or make a permanent place for herself 
on the hospital nursing team. 


While most nursing assistants are girls a few hospitals are . 
now training male nursing assistants. Their courses of study are 
similar. 
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In most cases, the person applying for training is required 
to have a minimum educational standing of from Grade 8 to 10. 
(If a girl has the necessary educational qualifications, most 
interviewers will urge that she take the full nursing course 
leading to the standing of registered nurse, as the time spent 
in becoming a nursing assistant is nowhere in Canada officially 
accepted for credit on the more advanced course). 


The training given in the various hospitals is in proportion 
to the responsibility placed upon the worker. In the majority 
of cases, the nursing assistants’ course is from 9 to 18 months 
duration; approximately one-third of the time is spent on theory 
and the remainder in practical work. The theoretical instruction 
runs concurrently with the practical work in some training 
schools; in others it precedes the practical work, with further 
lectures during the latter part of the training program. 

A typical program will provide instruction in: the human 
body and its functions, elementary nursing, home and hospital 
housekeeping, food selection, cooking and sewing, health and 
personal hygiene, personal adjustments and human relations, 
first aid and bandaging, care of mother and newborn baby, 
measurements and solutions. 

As a rule, in hospitals where the training of nursing assistants 
is undertaken, some arrangement is made for the trainee to 
take a part of the course in a tuberculosis hospital, so as to 
have a broader experience. 

By way of illustration two well-defined programs are out- 
lined below; one sponsored by various provincial groups and 
the Federal Government, and one given in the Salvation Army 
hospitals in Vancouver, Halifax, Toronto, Montreal and Ottawa. 


i) Provincial Nursing Plans. 

In eight provinces, eighteen schools have been established to 
conduct courses and to arrange for practical training in hospitals 
under the sponsorship of provincial nursing organizations, 
hospitals, and the Federal and Provincial Governments. A well- 
rounded program, conforming to the individual needs and laws of 
the province, is presented and a certificate is awarded successful 
trainees. 

For convenience and brevity, the various requirements and 
outstanding features of the programs are presented in the 
accompanying table: 
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TRAINING AS GIVEN UNDER PROVINCIAL NON-PROFESSIONAL 
NURSING PLANS: 
AGE, REQUIREMENTS, DURATION OF COURSES, ETC. 


Age eee Duration of Course Title 
New Brunswick Grade 
Moncton (1) 18 8 9 mos. Certified Practical 
3 mos. school Nurse 
6 mos. hospital 
Quebec 
L’école de 18 8 16 mos. Infirmiéres- 
Ste. Geneviéve 3 mos. school Auxiliaires 
Montreal (French) 9 mos. hospital (Diploma granted) 
4 mos.-affiliated 
hospitals 
Ontario 
Toronto \ 
Hamilton 10 mos. Certified Nursing 
Sudbury 17-45 8 4 mos. school Assistant (2) 
Ottawa 6 mos. hospital 
Fort William 
Brockville LW 8 10 mos. Certified Nursing 
3 mos. school Assistant (2) 
7 mos. hospital 
Picton 18-40 9 10 mos. Certified Nursing 
3 mos. school Assistant (2) 
7 mos. hospital 
Ottawa (Bilingual) | 17-45 8 10 mos. Certified Nursing 
3 mos. school Assistant (2) 
7 mos. hospital 
Manitoba 
Winnipeg 18-55 8 1 year Licensed Practical 
St. Boniface 3 mos. school Nurse (3) 
9 mos. hospital 
Saskatchewan 
Saskatoon 18-35 8 9 mos. Nursing Assistant 
14 weeks school 
22 weeks hospital 
Alberta 
Calgary 17-40 9 40 weeks Certified Nursing 
20 weeks school Aide 
20 weeks hospital 
British Columbia 
Vancouver 18-45 10 1 year Licensed Practical 
4 mos. school Nurse 
8 mos. hospital 
Veteran Hospitals 
Toronto 
Halifax 18-40 9 10 mos. Certified Nursing 
Montreal lst part school Assistant 


2nd part hospital 


(1) The Moncton training centre accepts students from Nova Scotia. 

(2) The trainee is entitled to register as a certified nursing assistant with 
the Department of Health. This is her proof of training. 

(3) Licensing is obligatory by provincial law in Manitoba to safeguard the 
status of the qualified practical nurse. When the student has successfully 
completed her course, she makes application for a license to practise to 
the Licensing Board, Department of Health and Public Welfare. If the 
student is under 21 years of age, she must have a special license to practise. 
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EXPENSES AND REMUNERATION DURING TRAININGt UNDER 
PROVINCIAL TRAINING PLANS FOR NON-PROFESSIONAL NURSES 


Pay 
Province Fees |————_ Room and Board Uniforms 
Provided 


School Hospital 
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New Brunswick* | Nil | $ 6-$21 $15-$25 During hospital | $35 (charge) 
per Wk. per Mo. period 


Quebee 
Montreal (Fr.) | Nil $22.50 per Mo. Yes $20 (charge) 
Ontario 
Toronto 
Hamilton 
Sudbury *) Nil $60 per Mo. No Provided 
Ottawa 
Fort William 
Brockville $10-$15 Yes Provided 
per Mo. 
Picton Nil | Nil $20 per Mo. | Yes Provided 
Ottawa Nil | Nil $10-$15 Yes Provided 
(Bilingual) 
Manitoba 
Li bene ee } Nil | Nil $20 per Mo. | During hospital | $40 (charge) 
per Mo. period 
Saskatchewan* Nil | $1.15-$3.00 per Day | Noon meal at Provided 
hospital 
Alberta* Nil |$10.50—-$19.50 per Wk.| During hospital | Provided 
period 
British Columbia | $28 oe $20 per Wk. | No Provided 
Veteran hospitals | $40 $70 i Mo. No $30 (charge) 


t Subject to change from year to year. 
* Transportation paid from home to training centre. 
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APPLICATION FOR TRAINING OR REQUESTS FOR 
FURTHER INFORMATION SHOULD BE MADE TO: 


Co-ordinator, Director, Nursing Branch, 

School for Practical Nurses, Ontario Department of Health, 

Vancouver Vocational Institute, Parliament Buildings, 

Victory Square, Vancouver, B.C. Toronto, Ont. 

Registrar-Consultant, Certified Nursing Assistant 

Training School for Certified Training Scheol (Bilingual) 
Nursing Aides, St. Vincent Hospital, 

1315-16th Ave., N.W., Ottawa, Ont. 


Calgary, Alta. 


Directrice, 

L’école St-Geneviéve, 

H6pital St-Joseph, 

Bordeaux, Montréal (Québec). 


Regional Director, 

Canadian Vocational Training, 
Department of Education, 
Regina, Sask. 


Registrar-Consultant for Licensed Director of Canadian Vocational 
Practical Nurses, Training, | 

320 Sherbrooke St., New Brunswick, or 

Winnipeg, Manitoba. Nova Scotia. 

Director, St. Boniface School for Nursing Consultant, 
Licensed Practical Nurses, Department of Veterans Affairs, 

171 Despins Street, Sunnybrook Hospital, 

St. Boniface, Man. Toronto, Ont. 


ii) Salvation Army Hospitals 


The five hospitals are primarily for maternity cases, and 
thus much of the training is centred about this phase of nursing. 
The course of training, which is of 18 months’ duration, is one 
in general nursing excluding surgery. The student is taught 
nursing theory and special treatment, with emphasis on the type 
of nursing encountered in maternity work. 


The trainee must be at least 18 years of age, and have com- 
pleted two years of high school. During the 18-month training 
period she lives in residence, works an 8-hour shift with one 
day off each week and four hours off on Sunday, and is entitled 
to three weeks’ vacation. At the end of the course, the graduate 
receives from the school a diploma that is recognized by many 
of the small hospitals of the country. 


After the three-month probationary period the trainee 
receives a small allowance. 


New classes begin in the spring and fall. Applications for 
information regarding training should be made to the Director 
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of Nursing Services at any one of the five Salvation Army 
hospitals previously listed in this monograph. 


Psychiatric Aide and Psychiatric Attendant 


For many years the Canadian mental hospitals were operated 
by registered nurses who received all or most of their training 
in general hospitals, and a staff of attendants who received 
training in their work so as to supply good custodial care for 
the patients. The shortage of trained nursing personnel in all 
hospitals, and particularly in mental hospitals, led to the intro- 
duction of two training programs, one to supply more efficient 
nursing personnel trained in the new techniques used to treat 
mental illnesses and the other to supply a trained junior staff 
which could relieve nurses and doctors of the more routine duties. 


The first group — called psychiatric nurses in most hospitals 
— usually hold the same professional standing as the registered 
nurse. Both men and women follow a course of study, lasting 
from two to three years, that in many respects is similar to the 
program of student nurses in general hospitals. The big difference 
is that a large proportion of the training time is spent in psychia- 
tric studies. 

The course of study for psychiatric aides and psychiatric 
attendants has been left to the individual hospital and so there 
is only a general uniformity. For this reason the course may 
vary in length, depending on the amount of responsibility the 
hospital expects the aide or attendant to assume. A survey of 
programs now in effect shows that the training period in hospitals 
varies from ten months to two and a half years. The course 
of study is generally similar in outline to the training given 
to nursing aides. Classroom instruction, usually lasting for 
several weeks, and covering such subjects as nursing techniques, 
psychiatry, and occupational and recreational therapy, is followed 
by a longer period of demonstration and practice in the wards. 
Many hospitals have arranged for their students to spend some 
weeks in a general hospital so as to have a broader experience. 


Prospective students should be at least 17 years of age. In 
some hospitals a student is required to have Grade 8 standing; 
in others Grade 9 or 10. All applicants must pass a test to see 
that they have the health and stability required for this type of 
nursing. Classes begin at regular intervals but students are 
often accepted between these intervals on a probationary basis. 
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In most cases students receive room and board, uniforms 
and a small allowance during the training period. At the end 
of the course a certificate of standing is granted to the graduate. 


Further information may be had by writing to the Superin- 
tendent of Nurses of any mental hospital, or to the provincial 
Department of Health. The provincial centres listed on Page 
20 of this monograph will also be able to furnish information 
on schools where psychiatric training is available. 


Orderlies 


The status of the orderly, or nursing orderly, varies with the 
type of hospital and the qualifications of the man. The two 
great wars have done much to break down the former concept 
of the orderly as a person with little formal training who did 
the heavy lifting, moved equipment, and carried out personal 
duties for male patients. The Second World War and the 
immediate post-war period, drew many men into the occupation 
to take care of the sick and wounded in military and veteran 
hospitals. The favourable conditions in these hospitals, and 
the important and interesting duties to be done, have improved 
the status of the occupation, and an increasing number of men 
are turning to it as a life work. 


At the request of the orderlies themselves in some cases, 
and in the interest of patients, a few hospitals are now giving 
their orderlies a course similar to that given the nursing assistant, 
but with emphasis on their particular duties. 


The Department of Veterans Affairs has a well-established 
program of training for nursing orderlies for the men’s wards 
and female nursing orderlies for the women’s wards. In that 
Department’s hospitals, nursing orderlies are classified as Grade 
I, II, III or IV, according to the duties they perform, their 
experience and training. The nursing orderly starts as a Grade I. 
A basic course in simple treatments and in the care of patients 
is given to workers who desire it. This means some 45 hours 
of lectures on theory and the practical application of it in the 
wards, the time being divided about equally. 


From time to time, the Grade I nursing orderly is given the 
opportunity to study additional subjects with a view to up- 
grading. These will include such subjects as surgical dressing, 
oxygen therapy, X-ray work, etc. Some may specialize in a 
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particular phase of the work, operating-room technique or the 
giving of special treatments. 


During the training period, the orderly’s pay continues, 
and he is entitled to such Federal Civil Service benefits as 
superannuation, three weeks’ vacation, and sick leave. He 
works a 44-hour week. 
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In the Diet Kitchen. 


ENTERING THE OCCUPATIONS 


Entry into all non-professional occupations in hospitals 
may be through personal application to the matron in charge 
of the hospital or the personnel officer, if it is a large institution; 
the local newspapers or certain widely-read publications will 
carry requests for workers; or contact may be made through 
the local National Employment Service office. In addition, 
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those interested in employment in a Federal Government 
operated hospital should watch the circulars posted in public 
buildings, or make application to the Civil Service Commission. 


As previously mentioned, those seeking training may apply 
to the various provincial directors of training or to the schools 
where training courses are given. 


The Nurses’ Registry in some localities may direct trained 
workers to employment. 


EARNINGS 


The earnings of the auxiliary nursing staff will vary with 
the locality, the size of the hospital, the particular duties and 
the responsibility placed upon the workers, and unionization. 
Housekeeping, clerical, and maintenance staffs, both skilled 
and unskilled, are paid at prevailing rates for similar work in 
that community. 


Some hospitals provide meals, or give them at reduced rates 
during the work-shifts, supply uniforms, and give free medical 
and surgical treatment. An increasing number of hospitals 
now have contributory pension schemes in effect. 


With reference to specific wages being paid, counsellors, 
students and applicants should make use of the following refer- 
ence material: Wage Rates, Salaries and Hours of Labour in 
Canada, published annually by the Department of Labour, 
Ottawa; Census of Canada 1951, Vol. 5, and the Annual Report on 
Hospitals in Canada 1952, Vol. 2, Dominion Bureau of Statistics, 
Department of Trade and Commerce. 


ADVANCEMENT 


In the majority of non-professional jobs in this field, apart 
from those of the tradesmen, the duties of the various occupa- 
tions are not yet standardized, so that it is difficult to establish 
a progressive channel of advancement. As a rule the advance- 
ment is confined to an increase in pay through increased respon- 
sibility or seniority. In most classifications there is in large 
establishments the opportunity of working up to a position 
in charge of a group of workers. 

Persons classified in the lower grades of the technician group 
are limited in so far as they are adept in one operation only. 
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However, through additional training, the technician may in 
time assume the supervision over other technicians or may 
advance to work of a more complex nature. 


The nursing assistant may better herself by taking special 
courses of study leading to a technician’s job. Perhaps the most 
satisfying position for the nursing assistant is in a small hospital 
or nursing home, where she may be given scope to expand 
her knowledge and serve her patients. Many leave hospital 
employment to work on private cases in the home, or in welfare 
centres, clinics, day nurseries, or as a nurse in a doctor’s office. 


Psychiatric aides and attendants can better their positions 
through study and specialization. Knowledge and experience 
both count in this field. 


Orderlies may work up to a position in charge of a group of 
orderlies or may undertake special duties such as those in the 
operating room, or in giving special treatments. 


In D.V.A. hospitals, nursing orderlies usually start in as a 
Grade I and may advance from there to Grades II, III or IV 
according to their training, responsibilities and the size of the 
establishment. Smaller hospitals may call for a complement of 
Grades I and II, with possibly a Grade III in charge of orderlies; 
in larger ones, a Grade IV or Chief Orderly will carry these 
responsibilities. 


ADVANTAGES AND DISADVANTAGES 


It is difficult to assess the advantages and disadvantages 
in the field of hospital occupations, as the duties and conditions 
of work are so varied. Of necessity, discipline is strict, and a 
high degree of courteous efficiency is demanded. 


A girl who lacks the required educational qualifications to 
become a registered nurse, but has the desire to serve the sick, 
will find much satisfaction as a nursing assistant. On the other 
hand, the person who has no motive apart from having a job 
may find the work uninteresting and depressing. 


In some hospitals, certain categories of staff, in others all 
of them, must live in, and so are under continual supervision 
and restriction. Some people welcome the opportunity of having 
accommodation provided, while others prefer the freedom of 
making their own arrangements. Employees who live out very 
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often complain that transportation to and from work isa problem, 
as many hospitals are built on the outskirts of municipalities. 


The training a nursing assistant receives is never lost. It 
is invaluable when there is sickness in the home, and may also 
lead to a means of livelihood, if, through misfortune, she loses 
her means of support. Many women, particularly widows, 
some with children, do “practical nursing” in the home, or in a 
hospital on a full-time or part-time basis. 


The person with psychiatric training is not likely to have 
any difficulty in finding employment as it is an expanding field. 
However, the person who lacks outside interests may in time 
find the atmosphere of a mental hospital depressing. 


The technician may find the work varied and interesting. 


Many women and men who are prepared for routine work 
only are much happier doing this type of work in a group rather 
than alone in a home. 


Improved living conditions, the trend towards unionization, 
the provision of hospital care when ill, and the fact that some 
institutions provide pension plans similar to those enjoyed by 
their professional staffs, are establishing these occupations on a 
more favourable basis. 


A decided disadvantage in the eyes of many is that, of 
necessity, hospitals must operate on a 24-hour day, 7-day week 
basis. This means that shift work is required in most occupations. 


In the majority of cases these occupations are non-insurable 
under the Unemployment Insurance Act. According to rulings, 
a non-profit institution, such as are municipal and government- 
operated hospitals, may elect to make contributions for all or 
certain categories of workers, but only a very small percentage 
of them have done so. On behalf of their members, unions are 
pressing for this benefit. 


LABOUR ORGANIZATION 


Non-professional workers in this field are, as yet, not well 
covered by labour organizations, owing to the fact that in the 
past there has been a heavy turnover of hospital employees. 
In recent years, workers in some of the larger hospitals have 
joined national or international unions on an industry rather 
than a craft basis. Also, a hospital staff may organize an 
employees’ union or council for bargaining purposes. 
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X-ray technicians may join a provincial branch of the 
Canadian Society of Radiological Technicians, or the Canadian 
Association of Radiologists; the pathology technician may 
join the Canadian Society of Laboratory Technicians. 


TRENDS 
Growth 


While complete statistical information, by occupations, is 
not available, some idea of their numerical growth and importance 
may be gained from the following statements. 


According to a report™ 1,145 hospitals of all kinds in Canada 
reported to the Dominion Bureau of Statistics. This was an 
increase of 157 since 1943. During the same period, the number 
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The supply staff at work. 
1. Dominion Bureau of Statistics, Annual Report of Hospitals, 1952, Vol. 1. 


of hospital beds was increased by approximately 36,000 indi- 
cating that hospitals had not only increased in number but also 
in size. The largest increase in hospital accommodation was in 
the general type of hospital which is a large employer of non- 
professional personnel. 


At the 1951 census date there were 25,648 “practical nurses”’ 
(including domestic nurses, maternity nurses, orderlies, ward 
maids, etc.), gainfully occupied in Canada. Of this number, 
90 per cent were employed in hospitals. 


Geographical Distribution 


The location of hospitals across Canada is linked with the 
density of population. General hospitals and nursing homes 
will be found in most districts, but the concentration of these 
will be in the older and more settled parts of the country. City 
hospitals, because of their size and the diversity of treatments 
given, have an extensive break-down of duties and staff require- 
ments. It is estimated that 40 per cent of the semi-professional 
and non-professional workers in general hospitals are located 
in seven cities: Halifax, Montreal, Toronto, Winnipeg, Regina, 
Edmonton and Vancouver. 


Hospitals other than general are not so evenly distributed, 
as their location is dependent on the local demand for such an 
institution, the population served, or suitable climatic condi- 
tions — tuberculosis and mental hospitals will be in small 
towns or on the outskirts of a city; homes for the chronically 
ill are largely in densely populated districts where there is an 
adequate flow of patients for this type of institution. 


The majority of job opportunities were found to be in the 
general type of hospital. Mental institutions were the second 
largest employer followed by tuberculosis hospitals. 

Age Distribution 

According to the 1951 census, of those registered as ‘‘practical 
nurses’, more than 29 per cent were between the ages 17 and 
24 and 54 per cent were between the ages 25 and 54. 

Among the staff will be a certain percentage of older people, 
mostly First World War veterans, who are employed as orderlies, 
and elevator operators and on the kitchen and housekeeping 
staffs. 
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Present Labour Demand and Supply 


It is evident that the acute shortage of workers that was 
so keenly felt during the war years, and in the immediate post- 
war period, has been to some extent alleviated. Any substantial 
shortage of workers that has occurred recently has been due 
mainly to the reluctance of workers to accept the working 
conditions prevailing in a particular locality, or to the competi- 
tion of more favourable job opportunities. 


Technicians are in steady demand as replacements, and to 
fill positions in new and enlarged laboratories and departments. 


Trained orderlies who show evidence of wanting to stay on 
the job are not plentiful. Nursing assistants have little trouble 
in becoming established, especially in small country hospitals 
where there is a strong demand for them. 


Many trained psychiatric aides and attendants are required 
by mental hospitals for their expanding program and the present 
supply of workers falls short of the immediate needs. 


Employment Prospects 


The employment outlook for workers in these occupations 
is very good. The field is an expanding one. As a result of 
changing living conditions, the public has accepted the use of 
hospitals as normal in case of illness. This is especially true of a 
growing urban population of apartment or small-home dwellers. 
The increased use of pre-paid hospital insurance has meant that 
many persons who formerly were unable to pay for hospital 
care are now demanding it, and the hospitals are strained to 
capacity to meet this demand. 


Hospitals, and the treatment of illnesses, have also changed. 
New expensive equipment, complex treatments and new drugs 
make it imperative that patients be treated in institutions — 
sometimes in a particular institution for a specific treatment. 
Clinics are now rapidly becoming established in connection 
with out-patient treatment at hospitals and with county and 
municipal health work (e.g. baby and child clinics); these draw 
upon certain classes of semi-professional and non-professional 
workers. 


The transfer of some routine and non-nursing duties from 
the registered nurse and the student nurse to workers of the 
non-professional level, in order to conserve scarce professional 
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nurse power, has created a need for many auxiliary workers, 
people who, with specific training, can make a definite and 
valuable contribution to a smoothly working team designed 
to give better care to the patients in our hospitals. 
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AUDIO-VISUAL MATERIAL 


Readers desiring information on film sources, available 
material and the organization of local film services may obtain 
it from the National Film Board offices listed in Monograph 1, 
‘“‘Carpenter’’. 


LOCAL INFORMATION 
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“CANADIAN OCCUPATIONS” SERIES 


The monographs listed below, accompanied by pamphlets, 
except in the case of numbers 12 and 13, have been published 
to date. Those from 20-35 have been published collectively. 

(1) Carpenter 
(2) Bricklayers and Stone-Masons 
(3) Plasterer 
(4) Painter 
(5) Plumber, Pipe Fitter and Steam Fitter 
(6) Sheet-Metal Worker 
(7) Electrician 
(8) Machinist and Machine Operators (Metal) 
(9) Printing Trades 
(10) Motor Vehicle Mechanic and Repairman 
(11) Optometrist 
(12) Social Worker 
(13) Lawyer 
(14) Mining Occupations 
(15) Foundry Workers 
(16) Technical Occupations in Radio and Electronics 
(17) Forge Shop Occupations 
(18) Tool and Die Makers 
(19) Railway Careers 
Careers in Natural Science and Engineering: (20-35) 


(20) ‘Agricultural Scientist” (28) ‘‘Chemical Engineer” 

(21) ‘Architect’ (29) “Civil Engineer” 

(22) “Biologist” (30) ‘Electrical Engineer” 

(23) ‘‘Chemist” (31) ‘Forest Engineer and Forest 
(24) ‘‘Geologist”’ Scientist” 

(25) ‘Physicist” (32) ‘Mechanical Engineer” 

(26) “Aeronautical Engineer” (33) ‘Metallurgical Engineer”’ 
(27 ) — (34) ‘‘Mining Engineer” 


(35) ‘Petroleum Engineer” 
(36) Hospital Workers (Other than Professional) 


DEPARTMENT OF LABOUR 
Economics and Research Branch 
OTTAWA, 1954 


OTTAWA 
EDMOND CLOUTIER, C.M.G., B.A., L.PH., 
QUEEN’S PRINTER AND CONTROLLER OF STATIONERY, 
1954 
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FOREWORD 


During recent years there has been a steadily increasing demand 
for up-to-date information on occupations. 


This demand comes from youth faced with the need of choosing 
an occupation and of selecting the type of training required; from 
parents, teachers and other counsellors; from workers shifting to 
other occupations ; from employment service officers ; from directors 
of personnel and union officials, and from other quarters. 


This series of monographs and an accompanying series of 
pamphlets, the latter containing similar information in a condensed 
form, are attempts to meet this demand. 


These publications represent an expansion of an earlier series 
issued by the Department of Veterans Affairs to assist members 
of the armed forces returning to civilian life following the end 
of the war. These current series, designed for general use, cover 
a wide range of occupations, including professions. They indicate, 
among other things, the nature of the occupations or group of 
occupations, entrance and training requirements, working condi- 
tions and opportunities in each. 

This monograph, as was the case in those which preceded it, 
was prepared by the research staff in the Occupational Analysis 
Section. 

The assistance of representatives of management and of trade 
unions in checking basic material, together with the assistance of the 
Unemployment Insurance Commission, the Vocational Training 
Branch of the Department of Labour and the Dominion Bureau of 
Statistics, is gratefully acknowledged. 


DIRECTOR, 
Economics and Research Branch, 
Department of Labour. 


March, 1955. 
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A draughtsman at work 


HISTORY AND IMPORTANCE 

When men found that “rule-of-thumb” methods no longer 
sufficed for the buildings, vessels and weapons they wanted, their 
intelligence must have been set to work to find some means, after 
visualizing the desired product, of planning its parts in relation to 
one another, and setting down in visual form the image of the whole 
and of its parts. Without doing this Noah could hardly have built 
his ark or the Egyptians their pyramids. 


The advent of formal geometry, and of accurate measuring and 
drawing instruments were aids to the artists who were responsible 
for the drawing of plans for naval construction, building construc- 
tion of all kinds, engineering undertakings such as ports, bridges and 
aqueducts, and for the making of maps. Later, men trained in 
draughting plans for such projects took over this field of work from 
the artists and developed a technique that is important to industrial 


progress. 
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The “blue-print”’ is an accepted necessity in the making. of-any 
manufactured article and few houses’ are built without detailed 
plans. Each part of a machine, large or small, must be meticulously 
set forth in a drawing before the skilled tradesman can begin the 
process of its manufacture. 


The use of graphs of varying kinds is general in business and 
government circles, wherever a graphic comparison of figures is 
required. In the sciences, notably in biology, geology and ‘physics, 
the services ‘of draughtsmen are often needed. The importance of 
this work in mapping is very marked. 


FIELD OF. WORK 


The services of the draughtsman are now required in almost 
every industry. By far the largest number are engaged in the metal 
working industries — heavy iron and steel, automotive, aircraft and ‘ 
machinery-building plants. The construction industry, which in-* 
cludes the building of private homes, apartments, ‘factories, and 
public and commercial buildings, ships, docks and equipment, dams, 
roads, bridges, and other large projects, also employs a large 
number of draughtsmen. A smaller number of workers are to be 
found in certain branches of mining, transportation, and service 
industries; the other major industries, agriculture, logging, fish- 
‘ing, trade and finance, employ an almost negligible number of 
draughtsmen. 


Municipal, provincial and federal government dence 
employ a substantial number of draughtsmen for the purposes of 
drawing up plans for the development of their particular sphere of 
interest — city planning, public utilities, land contours and the 
development of natural resources. Government research laboratories 
usually have a staff of draughtsmen for graphic presentation of 
developments ‘and the results of enterprises. Engineering and 
architectural firms, doing their own or contract work, will maintain 
a staff of draughtsmen i in proportion to the professional staff. 


KINDS OF DRAUGHTING 


While basic principles are employed by all draughtsmen in all 
industries, the wide variation in the finished product — from a 
needle to a battleship — and the vast amount of technical knowledge 
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that is required for each, have brought about specialization within 
the broad field. There are four major divisions. These in turn are 
broken down into smaller occupational specializations, the title of 
each indicating the particular type of work being done. 


From the point of view of numbers employed, the largest group 
of workers are engaged in what is called Mechanical Draughting or 
Machine Draughting. This is the drawing of mechanical devices 
with the necessary accurate scale drawings of parts and of the whole, 
of machinery, motors, and tools; automobile and aeroplane bodies; 
engineering projects; structural features of mines; petroleum 
production, refining and pipe lines; lay-outs for wiring diagrams 
and schematics of various types of radio, radar, television and other 
electronic installations. 


The range of industries in this field is so great that the general 
title, mechanical draughtsman, is broken down into subtitles which 
indicate the industry or particular process within the industry such 
as draughtsman (auto body) and draughtsman (engineering). 


The drawing of artistic, architectural and structural features 
of towns, bridges, highways, public utilities, buildings, ships — 
not only the project itself but of its custom-built fixtures, plumbing, 
electrical wiring, heating, ventilating, refrigeration and landscaping 
— are the work of the Architectural Draughtsman. 


Specialization again is made necessary by a wide range of 
projects and materials. In the domestic and commercial building 
field may be found such occupational specializations as commercial 
draughtsman (lay-out of offices and factories), construction (homes 
and buildings), tile and marble, heating and ventilating, plumbing, 
refrigeration, reinforced concrete, landscaping. The whole field of 
marine draughting (ships and docks) is in many ways similar to 
general construction, but factors of durability and serviceability have 
singled it out as a particular field. Specializations are hull, hull- 
ballast, hull stress calculation, hydraulic, sheet metal, and ship 
engineering. 

Cartographical Draughtsmen draw maps — geographical, topo- 
graphical and for special purposes. 

The term Design is sometimes used to denote the specialized 
field of the reproduction of experimental ideas of the research 
engineer. 
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THE DRAUGHTING ROOM 


The place where a draughtsman does most of his work is called 
a “draughting room” or “draughting office’. Depending on the 
requirements of the establishment, it may be just a corner of the 
general office or shop, any little room where one or more draughts- 
men carry on their duties or, at the other extreme, a large room with 
the latest in equipment and a large staff of workers. 


The draughting room is usually designed for convenience and 
good lighting, both natural and artificial. The furnishings are 
simple—draughting tables and stools, tracing tables, and file cabinets 
for the storage of drawings. Some firms will have special time-saving 
equipment while others will depend on the basic instruments of the 
trade — drawing boards, tee squares, scales, triangles, French and 
other irregular curves, protractors, compasses, dividers, and refer- 
ence books. 


The draughting room is rarely established ‘“‘on location” in the 
case of projects being carried on in isolated areas; the engineer’s 
notes are sent to a central office and the work is done there. 


The personnel of a large draughting office will consist of a 
chief draughtsman and an assistant chief draughtsman, checkers, 
draughtsmen of various degrees of skill and specialization, junior 
draughtsmen, apprentices, tracers, filing clerks and office boys. 


DUTIES 


The chief draughtsman and his assistant must be qualified 
draughtsmen. It is their duty to administer the draughting room 
and to assign work, to co-ordinate the work of their department 
with that of the other departments, and to consult with engineers, 
administrators and members of their own staff. 


Checkers are experienced draughtsmen who are familiar with 
the requirements of the industry. They check the work of the 
draughtsmen. 


The duties of the draughtsmen will vary with the industry, 
specialization and the size of the establishment — in a large office 
the work will likely be departmentalized while in a smaller one it 
will be less specialized. 
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In general, the duty of the draughtsman is to convey, through 
the medium of drawings, the ideas of the engineer, inventor, 
designer or architect, to the men who must do the work. These 
“ideas” may be given to him by word of mouth, notes or sketches. 
This will usually entail a series of drawings showing how the 
object or project will look when finished, how it will look from 
various angles and in cross-section, the structural features beneath 
the outer covering, and detailed drawings of movable parts. 


The established signs and techniques of the trade are used to 
denote the exact meaning, the dimensions, materials to be used, 
and all other pertinent information that the workers will need. 


Of course, the design draughtsman frequently originates ideas 
and collaborates with engineers in developing plans. 


Junior draughtsmen may be learners or persons whose skill has 
not reached the level of a draughtsman. Tracers are employed to 


make copies of drawings and to do other routine work. 


Classroom instruction in draughting Photo N.F.B. 
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TRAINING 


On-the-job training is usually supplemented by formal courses 
of study. Draughting is not a “designated trade’, (i.e. one that comes 
under the compulsory regulations of the provincial Apprenticeship 
Act), in most provinces, and so there is a great variation in the way 
training is given. However, many employers who hire junior 
draughtsmen or apprentices have them sign an agreement, and 
follow a training procedure similar to a formal apprenticeship 
program. ; 

In most establishments the training period is from two to four 
years. During this time the trainee works under the close supervi- 
sion of a qualified draughtsman. Progress is made from the simple 
to the more complex drawings as the trainee learns the principles 
of the trade and the use of the various instruments and reference 
books. In some companies the trainee is required to spend part of 
the training period in the shop under the instruction of a qualified 
mechanic or production worker so as to become familiar with the 
machinery and materials he will be concerned with in his work. 
This period of practical shop experience is most desirable. 3 

Where possible, employers arrange that trainees spend one or 
two evenings a week studying draughting or related subjects at the 
local vocational school; a few will send their employees to a 
provincial trade school for a short period, arrange for a course with 
a correspondence school or, if there are a number of trainees, hold 
regular classes in their own plant. 

In some cases allowance is made for the time spent in courses, 
but as a rule these are taken on the student’s own time. An employer 
may provide books. 

Graduates in draughting from the Ryerson Institute of Tech- 
nology in Toronto, the Calgary Institute of Technology and Art, 
and similar institutions are sometimes accepted by employers as 
junior draughtsmen. 

Courses in a wide range of draughting subjects are given by 
commercial correspondence schools, and cost from $100 up. 

Correspondence courses, covering various phases of draughting, 
are available from the Departments of Education of Nova Scotia, 
Quebec and British Columbia. These have been compiled to meet 
Canadian standards and conditions, and are available at a reasonable 
price. | 

The courses prepared by Quebec Province are in French. 


a 


The following courses are now available from provincial Depart- 
ments of Education : 


Cat. No. 


No. Lessons Prerequisite 
Nova Scotia 
Architectural Draughting 
Part I 37 9 Grade IX Math. 
or equivalent 
Part II 38 13 Part I or equivalent 
Part III 39 9 Part II or equivalent 
Mechanical Draughting 
Part I 44 10 Grade IX Math. 
or equivalent 
Part II 45 12 Part I or equivalent 
Part III 46 15 Part II or equivalent 
Sheet Metal Draughting 
Part I 51 10 Grade X Geometry 
or equivalent 
Mech. Draughting, 
Part I or equivalent 
Pare il 52 10 Part I 
Naval Architecture 
(elementary) 49 15 Grade XI Math. 
or equivalent 
Knowledge of ship 
construction 
Blueprint Reading 40 20 Grade IX Math. 
or equivalent 
Quebec 
Dimensional Sketching 41 15 Grade IX or equivalent 
Vertical Lettering in 
Industrial Drawing 42 30 Elementary Education 
Machine Parts 43 10 Grade IX or equivalent 
Blueprint Reading 50 13 Grade IX or equivalent 
Shop Drawing 53 15 General Knowledge of 
Technical Drawing 
Drawing, Technical 
or Industrial 54 20 Grade IX 
British Columbia 
Mechanical Drawing 
Part I 47 20 High school students 


Part II 48 20 Part I or equivalent 
—lil— 


Those interested in further information should write to the 
following provincial official: 
The Supervisor, 


Correspondence Study Branch, 
Box 221, Halifax, N.S. 


J. S. Robitaille, — Director, 
Correspondence Course Bureau, 
506 St. Catherine Street East, 
Montreal 24, P.Q. 


Dr. Edith E. Lucas, 
Director of Correspondence Instruction, 
Weiler Building, 
Victoria, B.C. 
It is customary for students to supply their own instruments and 
handbooks. Usually it is not necessary for these to be purchased at 
the beginning of the training period. 


QUALIFICATIONS 


The prospective draughting student should be at least 16 years 
of age and under 30 years. 

Both men and women are accepted for training. This is an 
occupation that is open to persons with certain physical handicaps. 

A good general education is needed. Students who have graduat- 
ed from a technical or trade school are in particular demand 
because of their knowledge of industrial crafts, draughting and 
practical mathematics. 

Some employers stipulate that trainees must have completed 
Grade 9, others require Grade 12 or 13 high school standing. Night 
school and correspondence school courses in draughting and related 
subjects are sometimes accepted in lieu of certain other educational 
qualifications. 

To become a good draughtsman one needs to have a genuine 
interest in the various aspects of the trade and possess some artistic 
ability. One must be thorough, accurate and neat. A constructive 
imagination and the ability to analyse are very important in this 
occupation. 


ENTERING THE OCCUPATION 


Employers make their requirements known to the office of the 
local National Employment Service, or place advertisements for 
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student draughtsmen in the newspapers. Also a person may ask for 
an interview with a company that has a draughting office, and place 
an application for a position when one becomes available. 


Notices of openings in government departments and special 
courses leading to government employment are posted in local post 
offices and other public buildings. 


It has become the practice of many firms to place their require- 
ments for student draughtsmen with the placement officer of a 
vocational or trade school. Many successful students have jobs 
awaiting them when the term is finished. Teachers of night schools 
and private correspondence schools may recommend successful 
students to an employer. 


Some young people will get a start in draughting through 
serving as office boy or file clerk or even as a learner in another 
department of a firm. 


SALARIES 


Salaries will range from the relatively low wage paid to tracers, 
junior draughtsmen and apprentices to a salary that will compare 
favourably with that of other skilled workers. The natural ability of 
the worker, his education, the degree of specialization, experience 
and the amount of original work required will have a bearing on 
the wage paid. Also, the type of industry and its geographical loca- 
tion will have a certain influence on wages. 


Apprentices’ wages are set as a percentage of the draughtsman’s 
wage and increases are granted at 6 or 12 month intervals until the 
end of the training period. 


In the government service and in many public and private 
concerns, pensions, sick leave and holidays form part of the contract. 
Some firms will also include company participation in paid health 
schemes and other benefits. 


ADVANCEMENT 


The progression of the draughtsman is from the simple opera- 
tions to the more complicated ones to the supervisory field, — 
apprenticeship (if there is a scheme in operation), junior draughts- 
man, tracer, learner or filer to draughtsman to checker to assistant 
supervisor to supervisor. 
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The draughtsman can usually expect some advancement in pay 
and status for experience, ability and specialization ; the supervisor 
may improve his position by joining a larger office staff where there 
will be more responsibility. Where there are a number of draughting 
sections, each section reports to a draughting supervisor who in 
turn reports to a senior engineer. 


ADVANTAGES AND DISADVANTAGES 


Working conditions usually are clean, bright and airy ; the hours 
of work and vacation periods are similar to those of the general 
office worker ; the rate of pay is on a par with wages in comparable 
positions demanding similar abilities. 


Draughtsmen usually enjoy steady employment and are not so 
subject to seasonal slack or depressed periods in employment as are 
many production workers. Their services are required well in ad- 
vance of production or construction. Employers hesitate to release 
draughtsmen when work is slack as key personnel may be difficult 
to replace when operations are resumed. 


It is an interesting and varied field of work for those who find 
satisfaction in drawing and planning things. 


The work may be hard on the eyes, and may induce poor posture. 
Also, workers are expected to spend long periods of time stooped 
over a drawing board. Management is trying to alleviate these condi- 
tions with well-placed windows, modern lighting and proper desks. 


RELATED OCCUPATIONS 


The draughtsman’s skill relates him to many trades within 
industry yet it is not easy to shift from draughting to anything else 
without additional training. Because of the extensive specialization 
that exists in the field, transferability from one specialization to 
another is made more difficult. A direct application of the acquired 
skills, with further study, would lead to the occupations of industrial 
designer, architect, engineer or surveyor. Draughting experience is 
an excellent background if a person wishes to switch to the 
mechanical or administrative side of industry. 


Draughtsmen may practise their trade in the armed forces or 
may turn to teaching it in technical or vocational schools. 
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LABOUR ORGANIZATIONS 


For the most part, draughtsmen are not well organized. There is, 
- however, the International Federation of Technical—Engineers 
AFL-TLC. . 


In many instances draughtsmen are represented, along with 
workers in other occupations, by a plant union. | 
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TRENDS 
Growth 


Draughtsmen, which in the Canadian census includes both 
skilled designers working in a wide range of media and some 
workers not thoroughly trained as draughtsmen, have greatly in- 
creased in number-in keeping with Canada’s population and 
industrial development. The censuses of 1921, 1931 and 1941 show 
that there were at the reporting periods 3,203, 4,/01 and 6,192 
persons respectively in the occupation. By :1951.the. number of 
draughtsmen had risen to 13,012, a gain of 110 per cent during the 
10 year period between 1941 and 1951. | : cae F 


The'greater number of opportunities for employment.are in the 
established industrial areas of the country although a draughtsman’s 
craft may take him to any part of Canada. According to the. 1951, 
census, industries in Ontario and Quebec together’employed 81.8 
per cent of the total workers in this occupation. At that time 
draughtsmen were distributed as follows: Ontario 50.9 per cent, 
Quebec 30.9, British Columbia 6.9, Alberta 4.3, Manitoba 2.9, Nova 
Scotia 1.6, Saskatchewan 1.1, New Brunswick 1.0, Newfoundland 
0.3, and Prince Edward Island 0.1. 


In the decade between 1941 and 1951 the general distribution 
pattern was relatively unchanged. There was, however, a greater 
increase in the Prairie Provinces reflecting the stepped-up industrial 
expansion in that region. 


According to the 1951 census, the greatest number of workers 
were found to be in the larger cities where most of the larger » 
industries are located. Draughtsmen in Montreal, Toronto, Hamil- 
ton and Ottawa together comprised almost 34 per cent of the total 
workers in the field ; more than 50 per cent were located in 13 cities 
and 53 per cent in 16 cities. A comparison of the distribution in 
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1941 and 1951 brings out the interesting fact that there are now 
more opportunities for employment for those who live outside the 
larger centres. 


Manager, master mechanic and tool maker check blue-print for specifications 
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Industrial Distribution % 


As indicated in the following table, the bulk of the workers are 
employed in manufacturing; half of these in the manufacture of 
iron and steel products and transportation equipment. The next 
largest group is classified as being in the service industries which 
include workers in community, government, business, and personal 
enterprises. 

Between the reporting dates in 1941 and 1951 there have been 
some changes in the proportion of workers in the various industries. 
For instance, in 1941 only 58 draughtsmen were employed in 
mining, quarrying and oil wells; in 1951 there were 311. During the 
same period workers in electrical apparatus and supplies rose from 
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432 to 1,141; wholesale and retail trade from 89 to 514; electricity, 
gas and water from 182 to 785. The number of draughtsmen em- 
ployed in the construction industry remained relatively unchanged. 


NUMBER OF DRAUGHTSMEN BY INDUSTRY 
IN CANADA, CENSUS 1951 


Percent- 
Female ape 
PA ME BSTEIOS 0. Tsuda. avachb ds. 633 100.0 
BR CUI AM Oa oss. ce ccsnanoconsensveseveeses snes 1 eZ, 
Forestry & Logging ........ He igh eet 3 6 
Mining, Quarrying & Oil Wells .... 26 2.4 
Meanniacturme. 3(0.)..00..G0lL bc... k ne 288 60.8 
Iron & Steel Products ...........00000.. 31 20.2 
Transportation Equipment. .......... 31 10.1 
Electrical Apparatus & Supplies.. 74 8.8 
' Electricity, Gas & Water .............. 38 6.0 
PRRSICUCHOR fii nck... Ee. 10 4.7 
PPRBMSHOTtation’® ....0/ Soca ete tense cace 7 3.1 
Bommitmication (iil laisse elec oes 105 1.9 
Trade; Wholesale & Retail .............. 43 4.0 
fe TR ae Ot 2 6 
OMICO MR i ak er. 143 21.7 
ICING ree oa casa ceons cae 63 10.0 
TI EES eS AON ol ae 67 11.0 
Age 


By far the largest proportion of workers in this occupation are 
in what is considered to be the younger age group. According to 
the 1951 census almost 69 per cent of the workers were 34 years 
of age or younger, and 25 per cent were between 35 and 54 years 
of age. This preponderance of workers who have yet many years 
of service ahead of them can be attributed to the large number of 
young people who entered the occupation during the industrial 
expansion of World War II and the immediate post-war period. 


Sex 


Until very recent times draughting was considered to be an 
occupation almost exclusively restricted to men. Even as late as 
1941, according to the census of that year, only 157 women were 
employed in the occupation. During World War II the shortage 
of young men who were available for employment in this trade, 
encouraged employers to hire and train young women to fill their 
requirements. They were, of course, carefully placed in positions 
where they could be used to the best advantage. Because of their 
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neatness and artistic ability many of them proved themselves to be 
particularly suited to this work, and thus opened up what was 
previously an almost closed field to women. In 1951, men still made 
up the bulk of the total workers in the field (97 per cent in 1941 
and 95 per cent in 1951), but the number of women who were 
employed had increased during the ten year period from 157 to 633. 


Labour Demand and Supply 

A shortage of workers in this occupation was evident in the 
immediate post-war years. Now the demand is mainly for workers 
to fill openings in new plants, and for the regular turnover of 
workers. 

The National Employment Service records, late in 1954, showed 
a surplus of applications over vacancies. Some of the surplus may 
be accounted for by the limited knowledge of draughting possessed by 
some applicants. Also, qualified workers are often unable to move 
to regions where there are openings for draughtsmen. Some of the 
larger centres reported that there was still a demand for well 
qualified mechanical and electrical draughtsmen. 


Consulting the blue-print for the next step of a construction project 
me fee Photo N.F.B. 


Future Employment Prospects 


In the light of present day advances — industrial growth, com- 
plicated mechanisms, new materials, the development of national 
resources and the modernization of transportation and public 
utilities, all of which require the services of general and specialized 
draughtsmen — it will be seen that draughtsmen operate from a 
wide base of industrial development. There is, however, no in- 
dication that a shortage of draughtsmen will materialize in the 
near future. 

In the past, when the draughting occupation was in its infancy 
in this country, Canada drew heavily on trained draughtsmen from 
other countries. According to the 1941 census, about 31 per cent of 
the total recorded were born outside Canada, some 24 per cent in 
Britain; the corresponding percentages in 1951 were 24 per cent 
and 15 per cent. 

While the wide range of activities requiring the services of 
draughtsmen constitutes some guarantee of stability in employment, 
too much emphasis cannot be laid upon the necessity of thorough 
training. 


CONCLUSION 


It is desirable that a person thinking of entering this occupation 
should. try to get a position with an organization which has an 
established training program, or at least make sure that the com- 
pany plans to give a progressive training. Once established, the 
trainee should make every effort to improve his knowledge. The 
competition is keen, and the requirements are becoming more 
exacting. 
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AUDIO-VISUAL MATERIAL 


Readers desiring information on film sources, available material, 
and the organization of local film services may obtain it from the 
National Film Board offices listed in Monograph 1, “Carpenter”. 
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LOCAL INFORMATION 


“CANADIAN OCCUPATIONS” SERIES 


The monographs listed below, accompanied by pamphlets except 
in the case of numbers 12 and 13 have been published. Numbers 
20-35 are in a single volume. 


qd) 
(2) 
(3) 
(4) 
(3) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 
(22) 
(23) 
(24) 
(25) 
(26) 
(27) 


(36) 
(37) 


Carpenter 

Bricklayers and Stone-Masons 

Plasterer 

Painter 

Plumber, Pipe Fitter and Steam Fitter 
Sheet-Metal Worker 

Electrician 

Machinist and Machine Operators (Metal) 
Printing Trades 

Motor Vehicle Mechanic and Repairman 
Optometrist 

Social Worker 

Lawyer 

Mining Occupations 

Foundry Workers 

Technical Occupations in Radio and Electronics 
Forge Shop Occupations 

Tool and Die Makers 

Railway Careers 


Careers in Natural Science and Engineering: (20-35) 


“Acricultural Scientist” (28) “Chemical Engineer’’ 
“Architect” (29) “Civil Engineer’ 
“Biologist” (30) “Electrical Engineer” 
“Chemist” (31) ‘Forest Engineer and 
“Geologist” Forest Scientist” 
“Physicist” (32) ‘Mechanical Engineer” 
**Aeronautical Engineer” (33) ‘Metallurgical Engineer”’ 


— (34) ‘Mining Engineer”’ 
(35) ‘Petroleum Engineer”’ 
Hospital Workers (Other than Professional) 
Draughtsman 


DEPARTMENT OF LABOUR 


Economics and Research Branch 
OTTAWA, 1955 


OTTAWA 
EDMOND CLOUTIER, C.M.G., O.A., D.S.P. 
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FOREWORD 


During recent years there has been a steadily increasing demand 
for Canadian occupational information. The demand comes from 
young people faced with the need of choosing an occupation and 
preparing for it; from parents, teachers and vocational guidance 
counsellors; from workers wishing to change their occupations; 
from employment service officers; from personnel directors and 
union Officials; from prospective immigrants to Canada and from 
other quarters. 


The CANADIAN OCCUPATIONS series of monographs is designed 
to help meet this demand. Each booklet describes, among other 
things, the nature of the occupation or groups of occupations, 
entrance and training requirements, working conditions and 
employment outlook. 


The series has been prepared with the generous assistance of 
representatives of management, trade unions and professional 
associations. The co-operation of the Unemployment Insurance 
Commission, the Vocational Training Branch of the Department 
of Labour, and the Dominion Bureau of Statistics is gratefully 
acknowledged. 


Occupational information tends to become dated as a result 
of changes in economic conditions, in industrial technology and 
in wage and salary structure. Revision of outdated publications 
is a regular feature of the series. 


This booklet was prepared for the Manpower Resources 
Division by Alvin Styles and William Allison of the Occupational 
Analysis Section. The help and co-operation of many organiza- 
tions and individuals working in the drafting field are gratefully 
acknowledged. 

J. P. FRANCIS, 

Director, 

Economics and Research Branch, 
Department of Labour. 


January 1963 
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All modern products require drafting. Thousands of separate drawings, 
representing as much as half a million man-hours of work, go into the 
building of an aircraft. Photo: Canadair. 


CAREERS IN DRAFTING 


HISTORY AND IMPORTANCE 


cys 


A simple article such as 2 bolt or the complex structure of 
ocean limer first takes shape on the drawing board. It is there 
that mental images are given their first rough form and tested 
for feasibility, solutions to problems are worked out, and final 
working drawings are completed. 


T + ical dr2awin ire ———s miversal lan CTT ece ia ory 1-2 
ecmmical Crawinss are tile UNIVeISa ialivuate tor communica- 
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tion in industry. They mclude necessary miormation as to size, 
shape and aes of the wi 
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by the workers who may build. operate or repair It. 


Man’s first written communication was a form of picture writ- 
ing, an example of which is Egyptian hieroglyphics. The pictures 
eventually became simplified to form the characters of alphabets 
which now form the visual symbols of our spoken languages. 


Whilst the written and spoken word is fairly satisfactory for 
everyday communication (despite frequent misunderstanding), 
words alone are quite inadequate to convey the kind of scientific 
or engineering information required in industry. An interesting 
test of verbal skill is to have someone try to describe, using words 
alone, a simple household article, the corkscrew. Most people 
will grope hopelessly for the right words yet, given pencil and 
paper, might draw a recognizable corkscrew—without using any 
words! However, it would require a person skilled in the art and 
techniques of engineering drafting to produce drawings that could 
be used by skilled technicians and craftsmen to develop the 
machines and methods for mass production even of corkscrews, 
let alone the complex machines and products of modern industry. 


Thus man, in order to achieve the high degree of industrializa- 
tion we have today, had to develop a system of pictorial repre- 
sentation. The modern form of technical drawing is a refined 
technique that grew out of the rough sketches and plans first 
used to visualize mental images forming in the human mind. 


Drawings and sketches must have been used by the ancients 
for their construction work; the Romans made working drawings 
of their viaducts, bridges and fortresses; and we have records of 
maps made by early mariners and explorers of the seas and land 
masses of the world as they knew it—or imagined it! 


Perspective drawing of 
an early automatic gun 
by Leonardo da Vinci. 
Photo: NFB. 


The genius of Leonardo da Vinci—philosopher, artist, scientist, 
engineer and inventor—found expression in many ideas for 
machines which have since been perfected. Proof of his inventive 
mind is recorded in the many drawings he left behind. You will 
note that the type of drawing shown here conveys only the general 
idea of the machine and does not give the accurate measurements 
and detail work usually found in modern technical drawings. 


Such rough drawings might be adequate when a single crafts- 
man makes the entire article and is able to work out details for 
himself. With the introduction of mass production techniques and 
specialization of skills, many more workmen are involved in the 
production of an article. These include designers, engineers, 
technicians, craftsmen and machine operators, each contributing 
their particular skills in the work of production. 


This has increased the need for a good means of communica- 
tion—the technical drawing—so that all workers know exactly 
what is required of them. Since the drawing reaches into all 
aspects of industry, technical workers should be able to read 
blueprints and, in some instances, render technical drawings. 


The increasing complexity of modern products and production 
methods, including automation, is not only increasing the amount 
of drafting necessary, but it is requiring greater technical skill and 
knowledge on the part of draftsmen. Senior draftsmen have 
become more than “drawers of things”; their role has increasingly 
evolved toward the design of either tools, machine parts, or 
manufacturing methods. 


NATURE OF THE WORK 


Drafting, in its simplest elements, consists in putting lines on 
paper to represent position, form, movement or direction, together 
with symbols and data to represent certain functions, processes 
or instructions. To a draftsman, a dot means position; a dot 
moving in space is a line; a line moving in space is a plane; and 
a plane moving in space is space itself. These are the fundamental 
concepts with which a draftsman works. 


The time-honoured skills of draftsmen are to render the lines 
and symbols quickly, neatly and accurately. To do this they use 
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a variety of drafting instruments, including T-squares, triangles, 
rulers, ruling pens, drafting machines and precision tracing equip- 
ment. Modern innovations have taken some of the time-consuming 
drudgery out of drafting. Ready-made symbols, labels, shaded 
backgrounds, etc., are now available for rapid paste-up. Photo- 
graphic and microfilming processes are eliminating tedious tracing 
and the traditional “blueprinting’. Nevertheless, draftsmen are 
still expected to have these basic skills and use them when 
necessary. 


More important, however, is the function of draftsmen in 
working from technical information contained in rough sketches, 
specifications or verbal instructions and translating it into finished 
drawings to be used for various purposes. 


Technical drawings are inevitably related to technical fields, 
for example, electrical, mechanical, mapping or building con- 
struction. That is, drafting is carried out according to the scientific 
and engineering principles which apply to the project. In addi- 
tion, drawings in each technology have special methods of 
presentation and employ their own unique conventional symbols. 
It follows, therefore, that drafting skill rests upon a good knowl- 
edge of the technology involved, plus a familiarity with the 


The draftsman translates ideas for products into drawings. He depends 
upon his knowledge of materials, machine design, mathematics and 
mechanics to produce working drawings. Photo: Canadair. 


drawings in other technologies that might affect the work, e.g., 
wiring and heating ducts having to be installed around structural 
beams. 


Before putting pencil to paper, draftsmen must understand 
perfectly what is the purpose of the drawing or chart; what the 
designer, engineer or scientist has in mind; how much information 
to include; they must anticipate technical problems and work out 
solutions to them. They may use scientific or engineering knowl- 
edge and make calculations, using engineering slide rules, calcula- 
tors, handbooks and tabular data. The drawing and sketching 
they do is often an aid to thinking out solutions to problems. 


Drafting principles and techniques are applied in many different 
fields, the main ones being engineering, architecture, and mapping. 
Engineering drafting is the preparation of working drawings for 
various kinds of engineering projects such as construction work, 
production machinery and processes, and manufactured products. 
Architectural drafting is the development of various types of 
drawings for buildings. Map drafting, or cartography, as the name 
implies, includes the preparation of maps and charts for a variety 
of purposes. Another somewhat related field is the preparation 
of charts and diagrams for pictorial presentation of statistical 
data. 


A draftsman and planning engineer examine the scale model of a new 
copper rod rolling mill. Photo: Northern Electric Company Limited. 


Engineering Drafting 


Engineering drawing is the general term used in the industrial 
world by engineers and designers as the formulae in which are 
expressed and recorded the ideas and information necessary for 
the building of machines and structures. It is a graphic repre- 
sentation in which exact and positive information is given regard- 
ing every detail of a structure or machine to be built. 


Engineering draftsmen are a link between the engineer or 
designer who works out ideas for products or structures, and the 
workers who will do the fabricating or building. The role of the 
draftsmen may best be described by tracing the development of 
an imaginary product from the point where it is but an idea, to 
the point where production begins. 


The procedures described in the following diagram, it must 
be remembered, may vary from plant to plant, depending on the 
complexity of the product, the size of the design and development 
staff, and the general organization of the plant. 


Ideas for products come from inventors, from customers whose 
requests lead to the conception of useful products, and from 
research laboratories which originate new ideas to be exploited. 


New product ideas are first submitted to the chief designer 
(usually an engineer) who works closely with an initial projects 
department headed up by a project engineer. The project engineer 
may be supported by specialists in stressing, materials, power 
systems, etc., depending on the nature of the product. 


The design work done by the initial projects department results 
in initial design schemes of the product, including prototype draw- 
ings and main general assemblies. These drawings may be used 
to build scale models or pilot plants which are tested to deter- 
mine feasibility, performance, durability and, possibly, the poten- 
tial market for such a product. Similar drawings may be submitted 
for preliminary cost estimations to determine whether the project 
is economically feasible. 


When preliminary schemes are approved, they are passed to 
the drafting office for the development of working drawings. 
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The Drafting Office 


Work in the drafting office is supervised and directed by the 
chief draftsman and possibly an assistant chief draftsman. Depend- 
ing on the complexity of the product and the technologies 
involved, the drafting staff may be composed of a number of 
sections, each specializing in a certain aspect of the drawings— 
electrical, mechanical or other specialty. 


Each section is responsible for preparing the working drawings 
in its area of specialization—with due consideration for co- 
ordinating with the work being done in other specialties. 


From the various drafting sections come an assortment of 
general assembly and detailed drawings which are checked and 
prepared for reproduction. These drawings are destined to play 
an important part in the work of several other departments of 
the plant. 


Sets of drawings will be sent to the production planning depart- 
ment to be used by workers who must design the necessary jigs, 
tools, dies and other production machinery and prepare additional 
drawings needed by tool and die makers. Details of shop 
processes, assembly procedures and scheduling will also be worked 
out from information on working drawings. Drawings will also 
be sent to quality control for development of inspection pro- 
cedures, to the stores and purchasing department, to cost estima- 
tion for final costing, and to technical writers who will prepare 
operating and servicing manuals. 


Manager, master mechan- 
ic and tool maker check 
a blueprint for specifica- 


tions. Photo: NFB 
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Drafting Personnel 


The degree to which drafting work is divided among the various 
personnel depends on the size of the staff (some drafting depart- 
ments are small, others have hundreds of draftsmen) and the 
complexity of the drafting work. One company may use a drafting 
pool and project system where all draftsmen are in a common 
pool, and as a project is assigned, a group leader draws drafts- 
men from the pool as required. Another company might have 
their staff divided into drafting sections, each with a section 
leader, two or three checkers, six or seven draftsmen and two or 
three juniors. 


Chief draftsmen supervise and direct the operation of the 
drafting office. They estimate the overall drafting workload to 
determine if objectives can be met, if additional staff is required, 
or whether some work should be sent out for contract drafting. 
They assign drafting projects according to the abilities and 
specialties of the drafting staff; give technical advice to draftsmen; 
co-ordinate the work of the drafting department to other depart- 
ments (liaison); and take responsibility for seeing that new drafts- 
men are properly trained. 


Generally speaking, design draftsmen work from the approved 
preliminary sketches and accompanying data and models to 
develop initial design drawings that will satisfy the requirements 
and specifications for the product. They must solve problems of 
space, weight and construction limitations, and in many cases 
determine the strength of materials to be used in the various parts. 
This requires a working knowledge of technical production 
methods, the ability to interpret information in scientific and 
engineering handbooks, and will often involve considerable 
calculation. 


General assembly drawings are usually supplemented by a 
number of other drawings which give much more detail for the 
construction of small components or subassemblies than is pos- 
sible in general assemblies. This work, done by detail draftsmen 
or detailers, constitutes a complete description of each separate 
piece giving its shape, size, material, shop operations necessary, 
limits of accuracy, and quantity required. 
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The pencilled drawings are carefully checked for errors and 
omissions. The checker, who must be a _ well-qualified and 
experienced draftsman, examines the drawings to ensure that each 
piece is correctly described and represented; checks all dimensions 
by scaling and computation; checks tolerances, finishes, inter- 
ferences; sees that standard and stock items have been specified 
wherever possible. 


After the drawings are checked, and the engineer concerned 
has given approval, they are submitted for reproduction so that 
copies can be sent to the various plant departments. 


Engineering Drafting Specialties 


As mentioned previously, drafting is related to the technology 
in. which the draftsman is working. Engineering embraces a 
number of technologies, of which the main ones are: mechanical, 
structural, electrical, electronic, aeronautic, and marine. Each 
technology has its own symbolic drafting language and calls for 
specialized knowledge on the part of the draftsman. In time, 
therefore, draftsmen tend to become highly specialized, making 
it difficult for them to move from one technology to another 
without further study. 


Mechanical drafting is basic to most engineering work, since 
most projects have important mechanical aspects to be dealt with. 
It is mainly applied to industrial machines, machine parts, engines 


Manufacturing is largely a 
mechanical process and offers 
a good opportunity for the 
draftsman skilled in machine 
drawing. Photo: NFB. 


and other mechanical equipment, including the design of machine 
tools. It is important in mechanical drafting to have a working 
knowledge of pattern and casting procedure, sheet metal and 
plate fabricating, welding and machine shop practice, and metals 
including alloys and their working properties. Familiarity with 
such machine elements as gears, levers, pulleys, hydraulic and 
pneumatic systems is also important. 


Tool Design drafting is a specialized branch of nechanical 
drafting involving machine tools, cutting and forming tools, as. 
well as jigs and fixtures used in conjunction with industrial 
machines. A good knowledge of various machine tools and manu- 
facturing processes is essential. 


Civil engineering is a broad field and includes most. types of 
drafting. One of the important specialties is structural drafting 
which is concerned mainly with drawings of the framework and 
supporting members of buildings, bridges and transmission towers. 
These drawings give detailed instructions for the cutting, punching, 
assembling, bolting, riveting, welding and erecting of each of the 
many members making up the complete structure. Structural 
draftsmen must have special knowledge of building materials such 
as steel and concrete, and be able to indicate methods and proper 
locations for making rivet holes, welds, joints and reinforcements. 
Since structural components such as girders, beams and columns 
are often prefabricated in a plant and shipped to the construction 
site for assembly and installation, structural draftsmen must be 
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Is construction going accord- 
ing to plan? What will the 
next step be? The answers 
are found in the working 


drawing. Photo: NFB. 


familiar with on-site construction methods and problems. They 
must also see that the design of the structure conforms with 
building codes and safety factors, and indicate methods for fasten- 
ing exterior covering material such as marble, glass or sheet 
metal. 


Other drafting in civil engineering is concerned with drawings 
for projects such as highways, railways, subways and tunnels, 
dams, reservoirs, irrigation systems, sanitary and storm drainage, 
town planning and airports. 


Electrical drafting covers a wide range of drafting jobs, many 
primarily consisting of designing or drawing mechanical features 
of electrical equipment. A general knowledge of physics ‘as it 
pertains to the behaviour and characteristics of electricity and 
magnetism is essential Many mechanical components have an 
electrical function or affect the electrical performance of the 
equipment. The draftsman must be familiar enough with the 
specific technology, both mechanical and electrical, to translate 
the general ideas or instructions of the engineer into working 
drawings. 


A specialized branch of electrical drafting consists of layouts, 
wiring diagrams and schematic drawings for electrical installations. 
These show wiring, circuits, and arrangement of control panels 
and other electrical components. In power utilities, certain drafts- 
men are more directly concerned with generating stations and 
transmission lines, which call for interpretation of survey notes, 
topographical maps and aerial photos. 


An equipment installer uses 
a wiring diagram to produce 
the ““Bay Form” for a relay 
rack. 

Photo: Canadian Pacific. 


A knowledge of circuitry and symbols, electrical safety codes 
and other factors related to electrical engineering are required in 
electrical drafting. 


Electronic drafting is distinguished from electrical drafting in 
that it is mainly concerned with equipment in which the electrical 
flow (electrons) is emitted, controlled and directed through tubes 
and semi-conductors (transistors). Electronic draftsmen prepare 
drawings to convey information and instructions needed for build- 
ing, installing, operating and servicing electronic equipment such 
as radio, television, computers and navigational controls. Design 
work for this equipment presents a variety of problems which 
are not found in,other branches of engineering drafting. These 
problems are related to the generation, propagation, detection and 
amplification of electromagnetic waves ranging from low to ultra- 
high frequencies, to subminiature components and large computer 
installations, and to the growing application in industry of 
electronic controls. 


Aeronautical drafting is concerned mainly with aerodynamics 
as related to designs for the exterior shape and internal support- 
ing structpres of aircraft. It also involves the adaption of other 
mechanical, electrical and electronic components to aircraft 
design. Three-view exterior outlines, subassemblies such as wing 
and tail construction, and numerous other kinds of drawings are 
needed in aircraft construction. Aeronautical draftsmen must be 
familiar with the variety of materials and equipment as well as the 
shop operations and practices used in aircraft manufacture. 


Drawings provide the reference 
from which assemblies such as 
this aircraft bulkhead can be 
built. Photo: de Havilland 
Aircraft of Canada Limited. 


Plans are essential in shipbuild- 
ing—whether it is a scale model 


or an ocean liner. 
Photo: NFB by Gar Lunney. 


Marine or naval architectural drafting is in some respects 
similar to aeronautical drafting. Considerable technology is 
involved in the exterior shape of the ship’s hull, design of internal 
supporting structures, and adaption of other mechanical, electrical 
and electronic equipment to ship design. In this work, the hull 
draftsman is the central figure, as he specializes in drawings for 
all details of the construction, fabrication and erection of the 
hull of a ship and all its related parts. This includes preparing 
body and line plans for design studies, assisting in hydrostatic 
stability and strength calculations, and developing diagrammatic 
system drawings. Marine craftsmen need a good knowledge of 
shipbuilding and ship repair techniques, production methods and 
outfitting procedures. ; 


Another specialized application of engineering drafting includes 
sheet metal work for heating, air-conditioning and ventilation, 
and other equipment and furnishings made from sheet metal. 
Drawings show the finished objects and also the shape of flat 
sheets which, when curved, folded and fastened, will form the 
object. 
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Architectural Drafting 


Architectural drafting is concerned with the preparation of 
drawings and specifications for buildings and structures, including 
pictorial as well as diagrammatic arrangement. As in engineering, 
architectural draftsmen also serve as a link, this time between the 
architect who designs buildings, and the building tradesmen. 


Based on an understanding of the client’s requirements and 
wishes, and with due consideration for utility and artistic blend- 
ing with surrounding landscape or adjacent buildings, the 
architect develops a preliminary design for a building. From this, 
the architectural draftsman prepares preliminary sketch plans for 
the client’s consideration and approval. Preliminary sketches 
include general design and exterior appearance, and plan layout 
of the proposed structure. Draftsmen also prepare display and 
competition drawings, which are a more elaborate type of prelimi- 
nary drawing, showing plans and elevations. These are often in 
perspective, without working information, and may be done in 
water colour, ink, pencil or air brush. 
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Architectural drawings have many uses—to show the client 
what the finished building will look like, to help contractors 
estimate the cost of construction, to guide foremen and trades- 
men who do the work, and to serve as records. Photo NFB. 


Upon approval of the preliminary sketches the draftsman, 
working closely to the architect’s instructions, prepares working 
drawings. These include floor plans, elevations, section and 
detailed drawings, showing the nature and extent of the project, 
materials to be used, locations and details of windows, cabinets, 
stairways, heating, plumbing and electrical outlets. 


Architectural working drawings also have the important func- 
tions of recording clearly the client’s requirements so that estimat- 
ing and bidding are facilitated, and forming a part of the contract 
between the client and the building contractor. 


The organization of drafting personnel in a firm of architects 
may vary according to the size of the firm or extent of the project. 
Design work is usually the responsibility of the architect, assisted 
by a design draftsman. Other draftsmen prepare preliminary and 
working drawings, correlate them with drawings for the various 
trades, checks for completeness and accuracy, and prepare tracings. 
A specifications writer will prepare a list indicating materials, 
finishes, workmanship, and all working information for erection of 
the project. 
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Map Drafting (Cartography) 


This branch of drafting is concerned with the various operations 
required for the production of maps and charts. Depending upon 
the organization of drafting staff and nature of information pro- 
vided, these operations may include compiling, plotting, drawing 
and copying. Map drafting differs in an interesting and important 
respect from the drafting described previously. Whereas engineer- 
ing and architectural draftsmen deal with the development of 
projects and products which do not as yet exist, map draftsmen 
produce scale drawings which record aspects of the earth’s surface 
or crust which actually do exist. Map draftsmen are engaged in 
the development of geographic information as an end product in 
the form of maps and charts for a variety of purposes— 
topographic, hydrographic, geologic or navigation. 

Early maps, made and drawn from observations by travellers, 
were often inaccurate and incomplete. Today, map and chart 
work is performed scientifically. Use is made of modern methods 
of travel; of electronics in field surveying; of the application of 
aerial photographs and photogrammetric instruments for plotting 
and compilation and of modern methods of map reproduction. 


Photo: Geological Survey of Canada. 


aerial photograph. 


Above: Interpreting a vertical 


Left: Compiling a topographic 
base map with a precision photo- 
grammetric plotting machine. 


Photos: Survey and Mapping 


Pen Of Branch, Department of Mines 


and Technical Surveys. 


An important feature of map drafting is the preparation of 
base map outlines. These are made in any scale desired from 
aerial photographs by means of stereo-photogrammetric plotting 
equipment. The plotter guides a floating dot along shorelines, 
lakes, streams and other dominant topographical features appear- 
ing on a stereoscopic view of aerial photographs by manipulating 
horizontal and vertical controls. The path of the dot is traced on 
a sheet of drawing paper by a mechanically controlled graphite 
point. The resulting outline is an accurate scale reproduction of 
the same photographic features traced by the floating dot, and 
forms a base for the production of other maps on which is over- 
laid a variety of types of information. 


Topographical maps are drawn from field information as well 
as aerial photo data, to show contours of hills, valleys, mountains, 
streams, and cultural features such as roads, bridges, railways, 
and other man-made projects, and including boundaries of 
political divisions or other information required for special 
purposes. 


Aeronautical charts are topographical maps overprinted with 
the locations of airports, beacons, radio beams and other naviga- 
tional aids for air transportation. They also give details of 
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important topographical features such as altitude readings, rail- 
way lines, highways and rivers, which serve to identify to pilots 
the area over which they are flying. 


Geological maps are very important to Canada’s mining and 
petroleum industry. From manuscript maps prepared in the field, 
map draftsmen prepare finished maps indicating by various 
colours, patterns and symbols, the structure and makeup of the 
earth’s crust, as well as information regarding the presence of 
metals, oil, natural gas and other materials. Readings from 
magnetometers carried from traversing aircraft provide informa- 
tion for aeromagnetic maps which are used in the location of 
ore-bearing deposits. 


Hydrographic charts are made primarily for navigational pur- 
poses but also for various engineering or scientific projects such 
as marine construction, oceanography and defence purposes. From 
field sheets, prepared by hydrographers, containing a variety of 
information such as depth soundings, shoals, currents and tides 
and from other sources of information, hydrographic draftsmen 
select data to prepare a comprehensive chart of that part of the 
coast under survey. The chart, complete with numbers and 
symbols, will show the shoreline, landmarks, depths, shoals, 
lights, as well as all other relevant information which may help 


Navigational charts provide 
the ship’s captain with in- 
formation to ensure safe 


passage. Photo: NFB. 
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PERSONAL QUALITIES NEEDED 


Drafting is an occupation suitable for both men and women; 
the work is not physically hard, but requires a good degree of 
manual and finger dexterity. 


Good vision, normal or corrected, is necessary to withstand 
lengthy periods of close detail work, often over a fluorescent 
tracing table. In mapping, stereo vision is necessary for stereo 
plotting—this can be checked on a three-dimensional viewer— 
and good colour vision is needed in preparing geological maps. 


Neatness and accuracy are of paramount importance in drafting. 
Drawings must be clear, accurate and neat so that the craftsman 
who builds or makes the product can read them easily. Map 
negatives for printing purposes must be impeccably neat and 
accurate. 


Drafting also requires patience—to stay with complex and 
detailed drawings in which progress may be slow; to accept the 
need for redoing drawings which may be changed numerous 
times before they are completed and approved; or to accept, with 
good grace, the need to stop work in the middle of a project and 
start on another more urgent one. 


Tact and ability to get along with others are also important if 
the draftsman is part of an engineering team, and especially in 
the work of a checker, who may have to point out errors ih the 
work of others. 


The ability to form mental images of a planned project, and 
render them in pictorial form are important in design work. 
Students have ample opportunity to test their ability and interest 
in imaginative drawing when doing the many school assignments 
calling for charts, maps, and diagrams. For prospective architec- 
tural draftsmen, an appreciation of art, and artistic ability are 
considerably more important than in other types of drafting. 


PREPARATION AND TRAINING 


There is no standard qualification or certification for drafts- 
men, and there are many paths one may take to the occupation. 
The basic preparation is preferably high school graduation, 
although grade 10 is sometimes accepted. However, if the prospec- 
tive draftsman is seriously interested in becoming proficient and 
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Photo: NFB. 


wishes to advance to skilled drafting or designing, high school 
graduation is recommended as a basic preparation. 


Secondary (High) Schools 


In high school, courses in mathematics—arithmetic, geometry, 
algebra and trigonometry—are most important. It should be 
pointed out that in certain types of drafting, weeks may be spent 
in calculations before any lines are put down on paper. Proficiency 
in the use of the engineering slide rule is a useful skill for 
draftsmen to have. 


Because so much of modern production is scientifically based, 
courses in physics are useful as a background for understanding 
stresses, forces, vectors, mechanics, and the physical properties of 
materials. Courses in geology and geography are helpful in map 
drafting, and art courses help develop skill in lettering, layout, 
sketching and neatness. Important, also, is the development of 
communication skills—the ability to express oneself clearly in 
speaking and writing. 


Vocational Schools 


In technical or vocational schools at the secondary level, 
students can take introductory drafting courses to develop skill in 
handling drafting instruments, and practical courses in shop 
mathematics and shop practice to learn something of the materials 
and processes of industry. | 
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Post-Secondary Schools (Institutes of Technology) 


At the post-secondary school level, it is possible, in some 
institutes of technology, to take a specific course in drafting. This 
would include instruction in the practical and theoretical aspects 
of mechanical drafting and design, structural drafting, and topo- 
graphical and geological mapping. Such courses include practical 
machine shop experience, structural work, and field surveying. 


Most institutes of technology include engineering drawing and 
blueprint reading as an integral part of the instruction in their 
two- and three-year technical courses at the post-secondary 
school level. Graduates of these institutes therefore have a good 
combination of knowledge in a technology and drafting technique 
for them to become design draftsmen, if this is the type of work 
they should come to prefer. Graduates of institutes of technology 
can expect to start at higher levels and progress further in their 
drafting careers. 


Training on the Job 


After acquiring a greater or lesser degree of drafting skill and 
technical knowledge, draftsmen must be trained on the job to 
bridge the gap between their education and the special drafting 


Experience on the job is needed to become a proficient drafts- 
man. Photo: NFB. 


requirements of the employing firm. They must gain much more 
practical knowledge about the technologies involved, and become 
familiar with the firm’s products and production processes. 


It is common for junior draftsmen to take additional training 
in evening classes at a local technical school, or by correspondence 
study. Many firms expect and encourage them to do so by giving 
financial assistance with study courses. Draftsmen, the same as all 
other workers engaged in rapidly changing technologies, will find 
a constant need for advanced study in order to stay abreast of 
recent developments and keep their skills from becoming obsolete. 


Correspondence Courses 


Students wishing to learn drafting, but who do not have the 
opportunity to attend drafting classes, may take advantage of 
inexpensive correspondence courses offered by provincial Depart- 
ments of Education. Details of these courses and instructions for 
obtaining them are contained in a booklet Canadian Vocational 
Correspondence Courses, available without charge from the 
Department of Labour, Ottawa, Canada. 


* * * * * 


For engineering drafting, the basic study course is mechanical 
drafting, from which later specialization in electricity, electronics, 
structures, aeronautics or marine drafting may be entered. Some 
firms have organized apprentice training programs for their junior 
draftsmen. These may include practical experience in the produc- 
tion shop, learning about the machinery, materials and processes 
they will be concerned with in their work. Also, apprentices in 
the machine shop or electrical trades—machinists, tool and die 
makers, patternmakers or electricians—may find their technical 
skill and knowledge useful for gaining entry to the drafting office 
as draftsmen. 


For architectural drafting, students have the alternative of 
taking the two- or three-year course in architectural technology or 
the architectural drafting course offered at various institutes of 
technology. It is also possible, however, to become an architectural 
draftsman by training on the job in an architect’s office. 


But for a few basic courses in mapping, most map draftsmen 
must learn their skills on the job. In large mapping establishments 
such as those in the Federal Department of Mines and Technical 
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Surveys, there is considerable specialization. Some specialize in 
the operation of stereo-plotting equipment to produce base maps 
or do topographical contouring; others specialize in the prepara- 
tion of geological maps, hydrographic charts, or various types of 
topographical maps. 


ADVANCEMENT 


To a great extent, a draftsman’s progress depends on the 
degree of technological knowledge and drafting skill he brings to 
the job. The greater these are, the shorter will be his time as a 
junior draftsman and the higher he can expect to rise. The increas- 
ing complexity of modern production methods, together with the 
reduction or elimination of many simple entry jobs such as tracing, 
blueprinting or filing, make it more difficult for those wishing to 
start as beginners without previous training. 


Starting as a junior draftsman, who is considered a trainee, it 
may take from three to four years on the job to become a com- 
petent draftsman. Duties and responsibilities will increase as 
experience is gained. 


For those who have the technical competence, there is a path 
of advancement to work as checker or project leader; on the 
creative side, there is opportunity for advanced design work. 


Those who show administrative ability together with technical 
competence may advance to group or section leader, then assistant 
chief draftsman and, for a few, chief draftsman, depending on the 
occurrence of openings at higher levels. 


In the course of their work, draftsmen come into contact with 
scientists, engineers, contractors, executives, technicians and crafts- 
men. They may thus be stimulated and encouraged to take 
advantage of opportunities to better themselves in other fields. 
Extensive technical knowledge gained in the course of drafting 
may, with additional training, help them to prepare for interesting 
jobs in engineering, designing, sales, administration, or teaching. 

Architectural draftsmen can, if they have senior matriculation, 
become professional architects by following a systematic course of 
study in conjunction with work as an architectural assistant and 
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passing examinations set by the provincial registering body. For 
further information about this form of advancement see Architec- 
ture as a Vocation, a booklet available on request from The Royal 
Architectural Institute of Canada, 88 Metcalfe Street, Ottawa, 
Ontario. Similarly, engineering draftsmen may become profes- 
sional engineers by preparing, with private study, for examinations 
set by provincial registering bodies. 


In map drafting, as well as other drafting specialties, advance- 
ment in the Federal Government is closely tied to on-the-job 
training and experience. A beginner must spend a minimum of 
two years as a Student Draftsman, two years as Draftsman 1, 
two years as Draftsman 2, taking at least six years to reach the 
Draftsman 3 level, depending on the occurrence of vacancies at 
higher levels. 


WORKING CONDITIONS 


Draftsmen are classed as “white-collar” workers. They work in 
drafting offices that are warm, usually well ventilated, and 
removed from the noise or grime of the production department. 
Needless to say, physical working conditions and general layout 
of drafting offices are designed to facilitate the best drafting 
results, and the nature of the work makes this easy to attain. 


Drafting is light and mainly sedentary work; eye strain and 
poor posture from leaning over drawing boards are the only 
hazards. 


Photo: Geological Survey of Canada. 


SALARIES 


Pay scales change frequently, are subject to geographical 
differences, and vary with the degree of responsibility. For 
current rates in a particular area or establishment, readers 


should refer to the National Employment Service, local 
employers, union officials or recent issues of the Department 
of Labour’s publication Wage Rates, Salaries and Hours of 
Labour in Canada. 


Draftsmen—All Industries 
Average Weekly Salaries—October 1, 1961 


Locality Junior Intermediate Senior 
$ $ 

St. John’s, Nfld. ............ 55.04 — 87.24 
Plalitaeu NS a eis. ha 65.26 75.80 94.22 
SVONSY. PINS ee nes hee os 84.80 95.53 108.17 
Moncton, (NG. oe:s..-. 69.38 84.24 97.47 
Saint John, N.B. ..:....... 65.53 78.78 100.43 
Montreal, P.Q._ ............ 70.13 93.80 114.32 
Quebeot« PO. chk kee 64.53 86.93 106.09 
Sherbrooke, P.Q._........ 58.61 70.23 110.05 
Hamilton, Ont. ............ 75.63 93.17 111.43 
Kingston, Ont. ............ 73.56 90.13 111.69 
London, Onts (.....608/:.4. 58.82 79.53 98.64 
Peterborough, Ont. ...... 84.83 95.83 119.75 
Sault Ste. Marie, Ont. .. 81.79 102.77 120.64 
WOTORIO. 1000 Pov teuce 70.29 89.04 108.09 
Winnipeg, Man. ............ 64.19 84.42 107.19 
Regina, Sask. ..c:.is....s000- 59.94 78.45 92.70 
Saskatoon, Sask. .......... 65.82 74.05 88.35 
Calgary. Alta. 28.3500: 67.58 85.75 104.58 
Edmonton, Alta. .......... 68.40 83.14 103.86 
Vancouver; B.C; bx ici03 75:87, 95.26 113.38 
VACLOIIG iB sta 6 8 sks 55.82 83.51 101.32 


Federal Civil Service Annual Salaries for 1962 
(Includes Engineering, Architectural and Mapping) 


$ 
er RB ech gle 0: 1 0 ee an ee a ee 2,580 to 3,300 
ME a TA ee Be oa Sicicc anges sn cgaiorg> 3,570 to 4,020 
EES ys OE ead bos AA ER Oo 4,290 to 4,740. 
Dar etnias ee oi eds os a eS Ati ER 4,920 to 5,640 
eee CATS AT D055 vacua dpapvhansnss Leer dincecii 5,430 to 5,970 
IER IME IPATESINIAD) 2 yeiyiteitanis sigaetspanedseurnna ed uank 5,970 to 6,510 
BEG STL ITOIRINAN Sse. epiessanacssncssiasovaneder 6,330 to 6,990 
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SEEKING EMPLOYMENT 


Young people seeking their first drafting job can register with 
the nearest local office of the National Employment Service, 
where they will be given every assistance in locating suitable 
employment. As the beginner will have no occupational experience 
to offer, chances for employment will be greatly increased if the 
lack of experience is offset by a good education and specific train- 
ing in drafting—backed up by an impressive folio of drawings 
from school assignments: 

At present, the demand is for senior draftsmen, but employers 
are giving more thought to training junior draftsmen for the 
needs of industry. 

There are, from time to time, opportunities in the Civil Service 
of Canada for young people with high school education and a 
demonstrated aptitude for drafting, for positions as Student Drafts- 
men in architecture, engineering or mapping. Notices of com- 
petitions for these openings are posted in National Employment 
Service offices, Post Offices and other public buildings. 

Drafting is also a trade for which training is available in the 
Armed Forces. 


NUMBER IN THE OCCUPATION 


Census of Canada figures from 1921 to 1961 indicate the 
following growth in the number of draftsmen in Canada: 


121]: SUN ao ee 5.203 
LOS Re rate, tcetiach areas eee 4,701 
LO Dy cae Modi OR es 6,192 
(fe oN Ge ARS See ema AN See ee 13,012 
LOG] ee eee ee ec, cae ee 20,623 


These figures reflect the growth of industrialization over the 
years. During the depression little growth took place, and at the 
outbreak of World War II the number of draftsmen was only 
about 6,000. During the war Canadian industry went into high 
gear and, with only a slight breathing spell, continued its expan- 
sion into the post-war period. 

More than half of the total number of draftsmen are employed 
in manufacturing, most of them working in the fabricating indus- 
tries—metals, machinery, transportation equipment and electrical 
products. 
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Since the greatest number of opportunities for employment are 
in the most industrialized areas, about 73 per cent of draftsmen 
are located in Ontario and Quebec; 9 per cent are located in 
British Columbia, 8 in Alberta, 2 in Saskatchewan and 4 in 
Manitoba; 4.3 per cent are in Newfoundland, Prince Edward 
Island, Nova Scotia and New Brunswick. 

Until recently, drafting was considered to be an occupation 
almost exclusively restricted to men. In 1941 only 157 women 
were employed in drafting; by 1951 the number had risen to 
633 and in 1961, 866 women were employed in this field. 


ORGANIZATIONS 


In many cases, draftsmen may be organized, along with workers 
in other departments, by the union representing all workers in 
a plant. Many draftsmen, being highly trained, are inclined to 
align themselves with professional or technical groups, and may 
belong to the Corporation des Techniciens de la Province de 
Quebec, the Association of Certified Engineering Technicians and 
Technologists of Ontario, the Ontario Institute of Chartered Cartog- 
raphers, or the Professional Institute of the Public Service of 
Canada. 


EMPLOYMENT OUTLOOK 


Canada is becoming increasingly industrialized, with a growing 
need for technically trained workers—of whom draftsmen are a 
good example. Furthermore, there is an increase in the amount 
of research and product development being done in Canadian 
plants. Added to this, more engineering is going into production 
work; products are becoming more complex; more working draw- 
ings are needed; and more detailed instructions are being supplied 
to production craftsmen and other workers. 

For the past ten years there has been a relative shortage of 
well-qualified draftsmen, with good employment opportunities 
in this field. Opportunities for trainee draftsmen should improve 
as a result of the encouragement and assistance being given to 
industry in expanding their training facilities. 

The outlook appears to be most promising for engineering 
draftsmen. It is in this area that Canada’s development is moving 
ahead. Further industrialization, reflected in more manufacturing 
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and construction, should create a good demand for trained 
draftsmen, especially in the electronic, electrical and mechanical 
fields. 

Architectural drafting will be tied to the building industry, 
which tends to fluctuate according to fluctuations in the country’s 
economic activity. There is a trend toward less architectural work 
on residential buildings, but more toward town planning and 
urban renewal. An increasing interest in artistic industrial design 
may also create opportunities for draftsmen skilled in design 
work. 


The field for map drafting is limited to the mapping activity 
of the federal and provincial governments, large oil and mining 
companies engaged in exploration work, and a few private firms 
doing contract mapping. However, the experience of Canadians 
in aerial photography and the related mapping of vast expanses 
of this country has led to some contracts for private Canadian 
firms to map the terrain and potential resources of under- 
developed countries. 
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CANADIAN OCCUPATIONS FILMSTRIPS 


The Department of Labour has prepared, to date, the 
following occupational filmstrips in collaboration with the 
National Film Board. A manual has been prepared as an 
accompaniment to each filmstrip. These may be purchased 
from the National Film Board, Box 6100, Montreal, or from 
any one of its regional offices. Prices in Canada: $4.00 for 
colour; $2.00 for black and white. 


Plumber, Pipefitter and Steamfitter 

Careers in Engineering (revised in colour) 
The Social Worker 

Electrical and Electronic Occupations (in colour) 
Bricklayer and Stone-Mason 

Printing Trades 

Careers in Natural Science (revised in colour) 
Careers in Home Economics 

Motor Vehicle Mechanic 

Mining Occupations 

*Draughtsman 

Careers in Construction 

Machine Shop Occupations 

Sheet-Metal Worker 

Careers in Meteorology 

Medical Laboratory Technologist (in colour) 
Teacher (in colour) 

Office Occupations (in colour) 

Electronic Computer Occupations (in colour) 


Careers in Library Service (in colour) 


*A visual presentation of the essential facts in 
this booklet. 
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FOREWORD 


During recent years there has been a steadily increasing 
demand for up-to-date information on occupations. 


This demand comes from youth faced with the need of 
choosing an occupation and of selecting the type of training 
required; from parents, teachers and other counsellors; from 
workers shifting to other occupations; from employment service 
officers; from directors of personnel and union officials, and 
from other quarters. 


This series of monographs and an accompanying series of 
pamphlets, the latter containing similar information in a 
condensed form, are attempts to meet this demand. These 
publications are designed for general use and cover a wide range 
of occupations, including professions. They indicate, among 
other things, the nature of the occupation or group of occupa- 
tions, entrance and training requirements, working conditions 
and opportunities in each. 


In the case of this monograph the assistance of represent- 
atives of management and trade unions, together with the 
assistance of the Unemployment Insurance Commission, the 
Vocational Training Branch of the Department of Labour and 
the Bureau of Statistics, is gratefully acknowledged. 


DIRECTOR: 
Economics and Research Branch, 
Department of Labour. 
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WELDER 


HISTORY AND IMPORTANCE 


Welding has a long history. It is very difficult to establish 
how far back this process of uniting metals by fusion was known 
and practised by workers in metal. However, we do know that 
a forge-welding process known to the Egyptians was developed 
some seven hundred years ago by a Frenchman named Moyeure. 


It was not, however, until the turn of the twentieth century 
and the advent of such discoveries as gas welding, oxyacetylene 
welding, electric-arc and machine welding that welding as a 
method of joining metals became accepted as an important 
industrial technique. The two World Wars gave tremendous 
impetus to this occupation in all the metal-working industries. 


Photo: N.F.B. 


A welder at work. 
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There are several methods used in the joining by fusion of 
two metals. These methods are described briefly as follows: 
(1) the contact surfaces of the parts to be joined are heated so 
that the metal will melt, flow together and unite. Various 
sources of heat may be used such as gas, oxyacetylene or electric- 
arc; (2) the pieces to be joined may be heated to the required 
working temperature and then hammered together. This is 
known as forge-welding; (3) two metals may be bonded together 
substituting pressure for heat. This is known as the cold-welding 
process; (4) a soft alloy, such as solder may be melted then allowed 
to flow along the edges for the parts to be joined. This is known 
as soldering; (5) Brazing is another method used to join broken 
parts. Soldering and brazing differ from welding in that no actual 
fusion of the parts takes place but rather they are joined by the 
adhesion of a solder. Brazing results in a closer, and therefore, 
stronger union than is the case with soldering. 


Welding as an occupation enjoys a favourable position in 
Canadian industry. Apart from its war-time uses it is needed 
in such peace-time industries as the automotive, iron and steel, 
heavy machinery, shipbuilding and construction. 


Welding has now replaced rivetting in many instances 
because it is a faster and more efficient method of bonding 
metal for many jobs. Since no holes need to be drilled in the 
metal as is the case with rivetting, welding brings about a 
stronger and more permanent union of metals. In shipbuilding 
welding permits the use of lighter plates thereby increasing 
the carrying capacity of ships. In the construction of large 
buildings, bridges, etc. steel members that were formerly always 
rivetted are now frequently being welded. Automobile bodies, 
coaches and engine cabs of trains, as well as the frame-work, 
fuel tanks and landing gear of aeroplanes are all being welded 
today. Welding crews also travel across the country joining 
long-distance pipelines that are used to transport oil and 
natural gas. Many machine parts which were formerly cast 
in one piece are now being welded from steel plates, enabling 
firms to turn out a lighter and stronger finished product at 
lower cost. 


DUTIES 


The main duty- of the welder is to fuse metal pieces together 
or build up worn parts. Specific tasks are: selecting pieces for 
welding; cleaning these parts to free them from dirt, slag, oil 
and rust by chipping, wire brush or chemical solution; bevelling 
edges of pieces by grinding, filing or cutting with oxyacetylene 
torch; setting up the welding equipment and welding the broken 
or worn parts, or the new pieces to be joined. 


A welder may have to preheat some metals depending on 
their characteristics to prevent distortion during the welding 
process. In electric-arc welding the welder must control the 
flow of current from the power supply. He must also be familiar 
with the use of direct and alternating current equipment. 


Various titles are given to welders. These titles are usually 
associated with the nature of the work being done, the type of 
metal being worked on or the welding equipment being used. 


Some of the various titles are as follows: oxyacetylene welder, 
aluminum welder, electric-arc welder, gas welder, spot welder, 
track bonder, track welder, welder bonder, maintenance welder, 
pipeline welder, and ship welder. 


TYPES OF WELDING 


There are five main types of welding techniques. These are 
known as: oxyacetylene, electric-arc, resistance, thermite and 
pressure welding. The following is a short summary of these 
different welding procedures: 


Oxyacetylene Welding 


The oxyacetylene welder connects his torch to tanks of 
oxygen and acetylene, (on each of these tanks is a control valve 
to regulate the flow of gas); selects the proper torch tip for the 
work to be done and fits it onto the welding torch, (the mixing 
of the gases occurs in the welding torch); thoroughly cleans the 
parts to be welded, built up or cut; places them in position; 
plans the sequence of welding and/or cutting operations; deter- 
mines the melting and welding characteristics of the metal 


en 


being worked on; lights the torch with a friction lighter; welds, 
cuts or brazes metal; fabricates metal sections or builds up 
worn parts. The intense heat caused by passing the flame over 
the area being welded causes the metal to melt and thus fuse 
together the parts being welded. Should it be necessary, addi- 
tional metal can be added by melting a rod of metal identical 
with the parts being welded or built up. 


Photo: N.F.B. 


A welding repair job. 


Electric-Arc Welding 


The arc welder sets up, adjusts and operates all types of 
portable electric-arc welding equipment to join or assemble, 
repair and/or build up worn spots on various types, thicknesses 
and shapes of metal; fastens parts to be welded in proper posi- 
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tion for welding operation; selects proper rod for the job and 
inserts in electrode holder; fastens the other electrode to part 
being welded; selects hood and adjusts same over eyes; touches 
electrode to metal, then immediately withdraws it a short 
distance to ‘‘strike’’ the arc. The heat produced at the arc 
melts the metal from both the welding rod and in the area 
being welded causing fusion. The arc welder then guides the 
arc along the part to be welded making an even ‘‘bead’’ by 
controlling the length of the arc and the amount of metal being 
deposited from the welding rod. When the weld is completed, 
the welder breaks the circuit by withdrawing the electrode. 
If additional metal is not required in the weld, a carbon rod or 
some other non-melting electrode is used. The electric-arc 
welder may also start motor generator and adjust current flow. 


Resistance Welding 


Resistance welding, as in “‘bar’’, ‘“‘spot’’ or ‘“‘seam’’ welding, 
is in reality a machine process. Two electrodes are clamped 
about the parts to be welded and an electric current is allowed 
to flow through them. Since resistance to the flow of current 
produces heat and resistance is always greatest at the point of 
poorest contact (that is at the break in the metal), it is here 
that the metal heats quickly to its melting point with resultant 
fusion. The welder may mechanically adjust the electrodes to 
compress tightly together the parts being welded to further 
ensure a sound weld. 


Thermite Welding 


The thermite welding process differs from other methods 
of welding in that a superheated metal compound is the agent 
used to promote coalesence. This compound, consisting of 
aluminum, iron and other elements, generates great heat when 
ignited and is poured around the preheated parts to be welded. 
Pressure may or may not be used. Filler metal, when necessary, 
is obtained from the liquid compound. Thermite welding is 
employea mainly to repair large units of iron and steel, such as 
railroad rails, locomotive frames and other large metal objects. 


we aC 


Cold Pressure Welding 


This process differs greatly from the oxyacetylene, resist- 
ance, electric-arc and thermite processes for three reasons: 
(1) there is no melting of the parts to be joined; (2) no third 
metal is introduced into the weld; (3) pressure is used instead 
of heat to bring about coalesence. This pressure is applied 
by means of tapered or flat surfaced rollers or a combination 
of the two. A punch and anvil combination is another method 
used to apply the necessary pressure. Of utmost importance 
in the cold welding process is the proper cleaning of the metal 
to remove the oxidized layer on the surfaces to be welded. A 
combination of chemical cleaning and wire brushing or grit 
blasting and wire brushing are the methods most commonly 
used to obtain the desired results. When clean, the parts to 
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Learning to do a simple welding job. 
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be welded are brought together between rollers. The extreme 
pressure exerted by the rollers push the atoms of one surface 
into the atom structure of the other surface so that the interface 
between the two is eliminated completely. 


QUALIFICATIONS 


A youth considering entering this occupation should be in 
good health. Welders require, among other things, good eye- 
sight, a steady hand, good muscular control and the ability 
to lift moderately heavy objects. P 


While there are no specific educational requirements, technical 
and trade school welding courses that offer instruction in welding 
principles, practical blue-print reading, shop mechanics, etc. 
would be very helpful. 


Although many women were engaged in production welding 
during the war, the number of female welders in post-war industry 
has decreased sharply. At the present time they represent 
only 2 per cent of the total number of welders in Canada. 


Additional study by means of extension or part-time courses 
in metallurgy, with particular reference to the metallurgy of 
welding, would be of distinct advantage as a further qualification 
for promotion to supervising welding positions. The Canadian 
Welding Bureau, a branch of the Canadian Standards Asso- 
ciation, sponsors suitable courses for welding supervisors. All 
welders employed by certified welding firms must be certified 
as qualified operators by the Canadian Welding Bureau, and 
supervising staff must have completed the Canadian Welding 
Bureau course or an equivalent. 


TRAINING 

Instruction courses of the type offered in trade schools 
include theory and shop practice in making various types of 
welds, using either electric or gas welding equipment or both. 
Advanced courses may include instruction in brazing, cast iron 
welding, aluminum welding and metallurgy. 
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Welding courses may also be provided by establishments 
which employ large numbers of welders on a production basis, 
such as shipyards. Such courses vary in length and content— 
from those designed to train workers to perform simple produc- 
tion welding tasks in the shortest possible time, to those intended 
to provide skilled, all-round welders capable of supervising 
other workers. The period ordinarily required to train ade- 
quately skilled workers may vary from three to twelve months; 
in some plants a three-year training program is followed. 


Facilities for pre-employment training or upgrading of 
welders is provided under federal-provincial agreements in all 
provinces by the Departments of Education, except in the 
Province of Quebec where training is administered by the 
Department of Social Welfare and of Youth. 


The length of courses varies from province to province and 
from short, upgrading courses to courses up to one year in 
length. 


Details concerning courses of training may be obtained in 
each province by consulting local educational officials or by 
communicating with the Provincial Department of Education. 


ENTRY 


Prospective welders should investigate training facilities 
provided by Departments of Education, training programs 
in industry, and should take advantage of the services rendered 
by the offices of the National Employment Service in seeking 
openings where thorough training would be afforded. 


EARNINGS 


Tables of average wage rates for welders in various industries 
where large numbers of welders are employed are shown in 
“Wage Rates, Salaries and Hours of Labour in Canada’, 
published annually by the Department of Labour, Ottawa. 
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ADVANCEMENT 


The opportunities for advancement are limited. Where 
several welders are employed there may be the opportunity 
to advance to foreman or inspector. 


RELATED OCCUPATIONS 


Some forge and foundry work is related to welding. Black- 
smiths using forge, hammer and anvil were the original welders. 
It should be kept in mind, however, that for a welder to enter 
another occupation where welding is one of the skills required, 
for example, automobile body repairing, he would be required 
to have some basic experience in automobile repair work in 
addition to his knowledge of welding. 


ADVANTAGES AND DISADVANTAGES 


Welders receive the benefits of coverage by unemployment 
insurance and workmen’s compensation. Another advantage 
is that a welder requires only a fairly small financial outlay 
to open a job-welding shop should he decide to go into business 
for himself. 


The chief disadvantage is the possibility of receiving burns, 
eyestrain (welder’s flash), electric shock, falls from scaffolds 
or breathing in harmful fumes, generated from the gases used 
in the welding torch, which may cause throat and chest irrita- 
tions. It should be clearly understood however, that all of 
these hazards can be guarded against by the wearing of suitable 
clothing, the use of protective equipment, plus ordinary care 
and common sense. 


ORGANIZATIONS 


Welders have no particular craft union of their own, but 
many are members of a union appropriate to the industry in 
which they are engaged. 
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TRENDS 


Number of Welders in Canada 


According to the Ninth Census of Canada, there were 23,649 
welders and flame cutters in 1951, made up of 23,162 men and 
487 women. This is almost twice the number that were reported 
in 1941, when 12,134 welders and flame cutters were listed. 


This increase is due to a number of reasons: (1) defence 
production is still making heavy demands on industry; (2) 
construction, with its attendant need for steel products, is enjoy- 
ing a high level of activity; (3) the iron and steel products group 
of the manufacturing industry, where many welders are em- 
ployed, has grown tremendously both in size and importance 
during the last décade. However, many of those classified as 
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A pipe welding job. 
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welders were machine operators who could perform only one 
type of welding, and thus could not be considered as competent, 
all-round welders. 


GEOGRAPHICAL DISTRIBUTION 


The distribution of welders in Canada, according to the 1951 
Census of Canada, is shown in the following table: 


REGIONAL DISTRIBUTION OF MALE WELDERS IN CANADA, 1951. 


Maritimes Quebec Ontario Prairies British Columbia 
1,170 5,675 11,539 2,996 1,78 


INDUSTRIAL DISTRIBUTION 


Workers in this occupation in 1951 were distributed among 
the various industries as follows: 


Iron and Steel Products...... 9,164 Sheet Metal Products Mfg.... 888 
Boilers, Engines & Machinery 3,853 ae Le ae & Imple- ae 
Automobiles and Cycles...... 2,603 Trad ae UWho ies ore taal fa 631 
CODSETUCLIONLE fies eke oe 1,596 
. Electrical Prod. Mfg. and 

Other Iron Products......... 1,478 Repaitid ate 604 
Shipbuilding and Repair...... 1,435 Steam Railways............. 444 
Railway Rolling Stock Mfg... 1,318 Mining ie. Sess sata cee 705 


The remainder of the welders were distributed over a wide 
variety of industries. 


FUTURE OUTLOOK 


As has been noted, welders are employed in many branches 
of industry. This provides a wide base for employment. Defence 
production, the manufacture of durable goods (i.e. industrial 
machinery, heavy electrical equipment, motor vehicles), and 
construction projects will continue to provide employment 
for considerable numbers of welders. Activity in any of the 
major fields listed above, as well as in other branches of industry 
is of course subject to changes which cannot be foreseen. 


While activity is, as noted previously, at a high level the 
demand for welders will not likely increase proportionately 
because the increasing use of automatic welding machines 
reduces the number of welders needed. 
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AUDIO-VISUAL MATERIAL 


Readers desiring information on film sources, available 
materials and the organization of local film services, may obtain 
it from the National Film Board offices as listed in Monograph 
1, entitled ‘‘Carpenter’’. 
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LOCAL INFORMATION 


“CANADIAN OCCUPATIONS” SERIES 


The monographs listed below, accompanied by pamphlets, 
except in the case of numbers 12 and 13, have been published 
to date. Those from 20-35 have been published collectively. 

(1) Carpenter 
(2) Bricklayers and Stone-Masons 
(3) Plasterer 
(4) Painter 
(5) Plumber, Pipe Fitter and Steam Fitter 
(6) Sheet-Metal Worker 
(7) Electrician 
(8) Machinist and Machine Operators (Metal) 
(9) Printing Trades 
(10) Motor Vehicle Mechanic and Repairman 
(11) Optometrist 
(12) Social Worker 
(13) Lawyer 
(14) Mining Occupations 
(15) Foundry Workers 
(16) Technical Occupations in Radio and Electronics 
(17) Forge Shop Occupations 
(18) Tool and Die Makers 
(19) Railway Careers 
Careers in Natural Science and Engineering: (20-35) 


(20) ‘Agricultural Scientist”’ (28) ‘Chemical Engineer” 

(21) ‘Architect’ (29) ‘Civil Engineer”’ 

(22) “Biologist” (30) ‘Electrical Engineer”’ 

(23) ‘‘Chemist’’ (31) ‘Forest Engineer and Forest 
(24) “Geologist” Scientist” 

(25) “Physicist” (32) ‘‘Mechanical Engineer”’ 

(26) ‘‘Aeronautical Engineer”’ (33) ‘Metallurgical Engineer”’ 
(27) — (34) ‘Mining Engineer’’ 


(35) ‘Petroleum Engineer”’ 
(36) Hospital Workers (Other than Professional) 
(37) Draughtsman 
(38) Welder 


DEPARTMENT OF LABOUR 
Economics and Research Branch 
OTTAWA, 1955 


OTTAWA 
EDMOND CLOUTIER, C.M.G., O.A., D.S.P., 
QUEEN’S PRINTER AND CONTROLLER OF STATIONERY. 
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CAREERS IN 
HOME ECONOMICS 
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HON. MILTON F. GREGG, V.C., MINISTER 
A. H. BROWN, DEPUTY MINISTER 


DEPARTMENT OF LABOUR, CANADA 


PRICE: 10 CENTS 


FOREWORD 


During recent years there has been a steadily increasing demand 
for up-to-date information on occupations. 


This demand comes from youth faced with the need of choosing 
an occupation and of selecting the type of training required; from 
parents, teachers and other counsellors; from workers shifting to 
other occupations; from employment service officers; from direc- 
tors of personnel and union officials, and from other quarters, 


This series of monographs and an accompanying series of 
pamphlets, the latter containing similar information in a condensed 
form, are attempts to meet this demand. These publications are 
designed for general use and cover a wide range of occupations, 
including professions. They indicate, among other things, the 
nature of the occupation or group of occupations, entrance and 
training requirements, working conditions and opportunities in each. 


The staff of the Occupational Analysis Section has prepared 
this series with the generous assistance of representatives of man- 
agement, trade unions, and protessional associations. The co- 
operation of the Unemployment Insurance Commission, the Voca- 
tional Training Branch of the Department of Labour, and the 
Dominion Bureau of Statistics is gratefully acknowleged. 


Acknowledgment is also made of the assistance obtained from 
numerous publications on occupations prepared in Canada and in 
other countries. 


DIRECTOR, 
Economics and Research Branch, 
Department of Labour. 


March, 1956. 


CAREERS IN HOME ECONOMICS 


HISTORY AND IMPORTANCE 


The art of homemaking has been practised by women ever 
since man began to live in shelters or homes. In pioneer times in 
Canada, the home had to be self-sufficient for most of its needs. Food, 
clothing, and many of the furnishings were made in the home 
by women who had only the simplest of equipment to aid them. 
Mothers proudly taught their daughters the art of homemaking, 
giving them the benefit of the knowledge they had gained through 
experience, 


As Canada developed industrially, the home became much less 
self-sufficient. It was found that many foods and household articles 
could be more easily produced outside the home and this gave 
rise to new industries catering to the needs of the housewife. 


At the turn of the century, women in increasing numbers were 
beginning to work in offices, stores and factories, so that less time 
was spent in the home and it became more difficult for girls to 
learn homemaking in the traditional way. 


Because of the need for training in homemaking, classes in 
home economics were established and trained teachers provided 
for them in every province in Canada. 


Home economics as a profession soon came into its own. 
The teaching of home economics in the schools, the tendency for 
modern housewives to seek expert advice in homemaking, and the 
desire of industry to produce a wide variety of household goods 
that would be attractive to the housewife resulted in an increasing 
demand for university-trained home economists. Another factor 
has been the rapid development of science in the twentieth century 
which made itself felt in the home in the form of better quality 
foods, clothing, household equipment, and labour-saving devices. 
Trained home economists were, and are, needed to interpret the 
part that scientific research plays in homemaking. 


In more recent times, the number of women employed in in- 
dustry has increased greatly. The changed attitude of emplovers 
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towards the hiring of married women, coupled with the high cost 
of living which compels many of them to seek paying jobs outside 
the home, accelerated the entry of women into the labour force 
and resulted in a demand for more household labour-saving devices 
and services. 


The professional home economist is trained to advise home- 
makers in the selection of food, clothing, and household equipment, 
on new developments and ways of doing things, and on family 
care. Industry, too, has need of the knowledge of the home eco- 
nomist, so that it may better provide the goods and services re- 
quired in the home, The teaching of home economics in the 
schools is now commonplace and has made for an increasing need 
for professionally trained home economics teachers. 


The emphasis placed in modern times on the importance to 
health of diet and nutrition led home economists to specialize in 
dietetics and nutrition. The first hospital dietitian in Canada was 
employed by the Sick Children’s Hospital in Toronto in 1907. 
To-day, dietitians are employed not only in hospitals but in industry 
and government as well. 


A growing field of work for the home economist is in govern- 
ment service, at the municipal, provincial and federal levels. Home 
economics extension workers, for example, are employed by govern- 
ment agencies to instruct groups and individuals, particularly in 
the rural areas, in such things as homemaking, family living, and 
handicrafts. 


In terms of numbers, this profession is not a large one, but 
it has been characterized by steady expansion. All told, it is con- 
servatively estimated that some 1,600 university-trained home eco- 
nomists are employed in Canada to-day. Included in this total 
are over 1,000 professionally qualified dietitians; in 1935 there 
were only 200 in the whole of Canada. 


Opportunities for the home economist are numerous and varied. 
The high turnover in the profession because of marriage adds to 
the opportunities awaiting young women interested in entering this 
stimulating and varied field of work. 
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NATURE OF WORK 


There are six major fields of work open to the home economist : 
1. Dietetics 
2. Nutrition 
3. Teaching 
4, Extension Work 
5. Research 


6. Business 


1. Dietetics 


Dietitians form the largest group of workers within the field 
of home economics. They are employed in hospitals, particularly 
large ones, commercial and industrial restaurants, schools and 
colleges, day nurseries, clubs and summer resorts, and in the Armed 


Photo : N. F. B 
Many dietitians are employed in hospitals. 
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Services. Certain manufacturers of food products and large retail 
food chains employ dietitians to experiment with recipes, to test 
their products and, in some cases, to demonstrate these to the public. 


The dietitian is engaged primarily in the feeding of groups 
or individuals. She is a trained specialist who uses the findings 
of scientific research to encourage good nutrition and healthful food 
habits. Through diet, she endeavours to maintain and improve 
the health of the well, to aid in the recovery of the sick, and to 
prevent deficiency diseases. 


The dietitian is responsible for the preparation and service 
of meals in large quantity, She takes charge of the planning, pur- 
chasing, storing, preparing and serving of foods. Before meals 
leave the kitchen, the dietitian checks to see that they are tasty 
and attractive. She is also responsible for the employing, training, 
and supervising of the various workers required to assist her in 
the work, and for the economic purchasing of food and equipment. 


The dietitian must be a good administrator. 


The work in hospitals is both varied and exacting. Regular 
meals must be prepared for both patients and staff, as well as for 
many individual patients requiring therapeutic diets. Where the 
institution is large, there may be some specialization and the diet- 
itian may be employed in a particular department. In such cases, 
there may be a head dietitian and a number of qualified dietitians 
who are responsible to her, Sometimes a group of small hospitals 
will use the services of a dietitian consultant to administer and 
supervise their catering services. 


Dietitians in restaurants, hotels, clubs and other eating places 
must think in terms of the type of service required and the desires 
of the clientele they wish to attract. 


The qualified dietitian in the Armed Services is granted a 
commission on enlistment. In the Navy and Army she is employed 
primarily in hospital food services, In the RCAF she is utilized 
at all levels of responsibility for the provision of food in hospitals and 
for general and special feeding of air crew and personnel, In 
addition to supervising the planning, purchasing and serving of 
foods in messes, she is responsible for flight feeding, preparation 
of special and survival rations for air crew, and for foods shipped 
to isolated units. 
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2. Nutrition 


The nutritionist is also concerned with food. She interprets 
the principles of nutrition to individuals and groups, and strives 
to educate the public in good eating habits by means of talks, 
publications and posters. Nutritionists are responsible for the 
solution of many consumer problems, which may entail conducting 
laboratory experiments to determine the nutritive value of foods. 
During the Second World War, nutritionists carried out programs 
to determine how rationed foods could best be used. They have 
also made various studies to establish balanced diets for different 
income level groups. 


Nutritionists are employed by municipal, provincial and federal 
government agencies, by universities and by some newspapers, 
magazines and commercial firms. 


3. Teaching 


About one-third of all professional home economists are em- 
ployed as teachers in elementary and secondary schools and in 
colleges and universities. Home economics as a school subject 
is taught in most parts of Canada. 


Teachers in elementary schools give instruction in foods that 
are required for good health, health habits, elementary sewing 
and handicrafts, and the girl’s role in family life; they also give 
practical instruction in meal preparation, making clothes, and home 
care. 


A teacher in a smaller school may teach home economics along 
with other subjects. In some cases, a teacher may be employed 
to instruct in home economics in a group of schools, 


At the secondary school level, teachers give theoretical and 
practical instruction in one or more branches of the subject. There 
is more specialized teaching, since secondary schools with large 
home economics departments may have separate divisions for the 
study of nutrition and food preparation, textiles, sewing and mil- 
linery, handicrafts and general home management. Secondary 
schools usually have practice kitchens, laundry and dining areas 
and sewing rooms for practical instruction purposes. 


Courses in secondary schools are more advanced than those 
in elementary schools, and include the study of foods, clothing, 
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Many schools have well-equipped home economics rooms. 


textiles and other materials, home budgeting and purchasing, home 
furnishing, the efficient use of home appliances and equipment, 
child care and development, and family living, Home management 
principles, with emphasis on the health and well-being of the family, 
have an important place in the program. 


The secondary school home economics teacher may be required 
to instruct adult classes at night school. {n smaller schools, she 
may have to share in the teaching of such subjects as history, Eng- 
lish, French, and mathematics. 


In universities and colleges, teachers specialize in a particular 


phase of home economics. 


4. Extension Work 


Government agencies, particularly those having to do with 
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agriculture and fishing, as well as certain universities, employ 
professional home economists as extension workers to carry out 
educational and promotional programs, especially in rural areas. 
The extension worker conducts her work through such organiza- 
tions as the Women’s Institute, Cercles de Fermieres, 4-H Clubs, 
and church and school groups. 


The extension worker is provided with quarters, where she 
carries on experimental work and attends to correspondence and 
enquiries, From there she will go out to schools, churches or com- 
munity halls, where she sets up her equipment for talks and de- 
monstrations. The program covers a wide range of topics, such 
as food and nutrition, home decorating, colour and design, styles, 
child development, and handicrafts. 


Photo: NF. B. 
Extension workers carry out educational and promotional programs 
in rural areas. 


The extension worker may carry out programs to popularize 
particular Canadian foods, such as fish, honey or cheese, by means 
of demonstrations and the preparation of cook books and pamphlets. 
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Although travelling and long hours may be expected by workers 
in this field, the extension worker achieves a unique status as an 
adviser on homemaking. 


5. Research 


Home economists with a keen interest in scientific research 
are employed to conduct research in food, nutrition, textiles, house- 
hold equipment, soaps and detergents, food processing, and in 
other related fields. Such research is carried on by universities, 
hospitals, government agencies, and commercial firms. 


Research work includes the development of new products and 
processes and the performing of a wide variety of tests to ensure 
safety and conformity to established standards. Long-range projects 
in specific areas, such as the preservation of foods by freezing, are 
also carried out. Another example is in the field of textiles where 
research workers develop new finishes and determine the wearing 
quality of fabrics and the means of caring for them. 

Most research workers qualify for this type of employment 
by taking post-graduate university training in a particular field 
of research. 


Textiles are examined and tested. Photo: N. F. B. 
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6. Business 


Home economists in the business field are directly employed, 
or consulted, by manufacturers of food, furnishings and clothing, 
department stores, advertising agencies, magazines, newspapers, tele- 
vision and radio. Acting as a consultant, the home economist 
may, for example, present to the manufacturer the woman’s point 
of view in the matter of design, colour and utility in household 
furnishings. She may be an adviser on interior decorating, home 
furnishings, or fashions for a large store. Some home economists 
demonstrate foods or appliances. 


Many newspapers carry features of interest to women which 
are written by home economists. Advertising agencies also require 
women with this training to prepare copy for newspapers and mag- 
azines. A flair for writing is essential in both these areas. 


Television and radio offer some opportunities to home eco- 
nomists who have the personality and talent for this type of work. 
It is not an easy field to enter. 


QUALIFICATIONS 


Before deciding to undertake professional training in this field, 
a girl should consider whether she has the personal qualities that 
are important in the home economist. Good health, good grooming, 
poise, enthusiasm for the work and an interest in people are some 
of these qualities. In almost all branches she will need tact, and 
the ability to meet people and to gain their co-operation. Common 
sense, adaptability and imagination are important. A pleasing 
voice is an asset, but more important is the ability to speak and 
write in a clear and interesting manner. The happy knack of being 
able to command the attention of an audience is most desirable 
in home economists who have to meet the public. 


The interested student must be capable of taking university 
training. A particular interest in science subjects is important, 
since a sound knowledge of chemistry, biology and physics is 
needed in this profession. Universities teaching home economics 
require secondary school graduation with good standing in science 
subjects. 


Business training is an asset and, in some fields, administra- 
tive ability is a necessity. An aptitude for teaching is desirable 
in almost all phases of the work, whether it be classroom instruc- 
tion, staff training, or extension work. 
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TRAINING 


Professional status can be attained only through prescribed 
university courses. 


Well before the final year in high school, the interested student 
should check the subjects that are required for entrance to the 
university of her choice, 


Home economics is a four-year course. Science courses form 
an important part of the curriculum, particularly in food and nu- 
trition studies. Classes in such subjects as English, psychology and 
economics, provide the home economist with a cultural background 
that will be of value to her both from a personal and career point 
of view. 

In the classroom, laboratory and practice rooms, students are 
given instruction in such subjects as food preparation, home deco- 
rating, household equipment, textiles and design, clothing, household 
management, child development and family relations. 


Well-equipped kitchens and the latest in cooking aids are pro- 
vided. Students are taught how to shop, plan, and prepare and 
serve meals that are attractive, wholesome and economical. 


Experiments are conducted in food chemistry, in order that 
the student may learn about the changes that take place in foods 
under certain conditions. The essential food elements required 
for regular or therapeutic diets are also studied. 


Instruction is given in the techniques of quantity food prepara- 
tion. This involves the use and care of large ovens, mixers and 
other equipment, estimating food requirements, purchasing and 
budgeting of food and supervision of staff. 


In the classes on clothing, students learn to choose materials, 
create designs and make their own clothing. 


Home decorating courses teach the students the elements of 
interior design and decoration so that they may be better able to 
make appropriate selections of furnishings and accessories. 


Textiles are examined and tested to determine their charac- 
teristics. Using the microscope, chemicals and other aids, students 
learn to check fibre content, evenness of thread, tensile strength 
and the quality of dyes used. 


Infant and child care forms part of the training, The role 
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of the home economist in helping children to grow up into happy, 
well-adjusted adults is receiving greater emphasis. 


Many students seek summer employment related to their uni- 
versity course. In this way they gain valuable practical experience 
and, at the same time, earn money to help defray the cost of uni- 
versity training. 


Specialized training starts in the third or fourth year, depend- 
ing on the university. By that time the majority of students will 
have decided whether to major in (1) Dietetics and Institutional 
Administration, (2) Teaching, or (3) Clothing, Textiles and Design, 
and will devote their time to the subjects that have a direct bearing 
on their future field of work. Students can, of course, continue 
with the general course in home economics, if they do not wish 
to specialize. 


In the French universities in Quebec, there are no “majors” 
during the four-year course. Those who want to specialize must 
complete the full course first, and then do post-graduate work. 


The university education of a dietitian must be followed by a 
ten to twelve-month “interneship” at an approved hospital or other 
establishment, under the guidance of qualified dietitians. This 
period gives the dietitian an opportunity to gain experience under 
regular working conditions. 


The home economist who wishes to become a teacher must 
also have teacher training. In some provinces this training may 
be taken in the final years at university; in others, the graduate 
must attend a teachers’ training college for one year. Students 
may, in some instances, be certified as teachers by attending summer 
sessions at a teachers’ training college. 


Training does not stop with the receiving of a degree. It 
continues for as long as one is engaged in the profession, The 
home economist must be prepared to spend a great deal of time 
in keeping up with new developments. 

The following is a list of universities and colleges that grant 
degrees in home economics: 

Acadia University, Wolfville, N.S. 

Mount St. Vincent College, Halifax, N.S, 

St. Francis Xavier University, Antigonish, N.S. 
Mount Allison University, Sackville, N.B. 
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Macdonald College, Ste. Anne de Bellevue, P. Q. 
University of Montreal, Montreal, P.Q. 

Laval University, Quebec, P.Q. 

Ottawa University, Ottawa, Ont. 

(commencing September 1956) 

University of Toronto, Toronto, Ont. 
Macdonald Institute, Guelph, Ont. 

University of Western Ontario, London, Ont. 
University of Manitoba, Winnipeg, Man. 
University of Saskatchewan, Saskatoon, Sask. 
University of Alberta, Edmonton, Alta. 
University of British Columbia, Vancouver, B.C. 


ENTERING THE OCCUPATION 


Entry may be made, after graduation, through contact with 
the university placement officer or the Executive and Professional 
Division of the National Employment Service, through personal 
application to an employer, through the professional organizations, 
or by reading newspaper advertisements. Those interested in open- 
ings in the federal or provincial government service should watch 
for notices of competitions, which are posted from time to time 
in universities and public buildings. 


EARNINGS 


Starting salaries compare favourably with those paid to other 
workers with similar educational background. Salaries will increase 
with experience and responsibility. Some home economists rise 
to positions where the remuneration is relatively high, Additional 
income may be derived from the sale of books or magazine articles. 


Teachers’ earnings will be in line with those paid to specialists 
in other school subjects. There will be considerable variation, 
depending on the teacher’s qualifications, responsibilities and school 
location. 


ADVANCEMENT 


Promotion and increased remuneration will depend upon ex- 
perience, application and willingness to assume responsibility and 
supervision. Some home economists will move into administrative 
positions in government. These are positions with varied and inter- 
esting duties. Executive positions are also to be found in hos- 
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pitals, restaurants, industry, and in world organizations, such as 


FAO and UNESCO. 


Teachers in elementary schools may qualify, by further study, 
for positions in secondary schools or for positions in larger schools 
where salaries and working conditions may be better. Some may 
become heads of home economics departments with supervision 
over other teachers, or provincial school inspectors. 


Home economists may also go into business for themselves or 
become consultants to industry, 


Research workers may progress to more advanced positions 
in research or in administration. 


RELATED OCCUPATIONS 


Any area of work that has a bearing on homemaking will 
be a potential field of employment for the home economist. Con- 
sequently, she may relate her work to many industries. With ad- 
ditional training, the home economist can go into social service 
or welfare work, or enter the artistic field of designing materials, 
furniture or household equipment. 


ADVANTAGES AND DISADVANTAGES 


The field of home economics is so new that a person has 
ample scope to develop ideas and to explore new and interesting 
areas of work. Technological advances and new ideas make for 
change and variety in the profession. This means, of course, that 
one must spend a great deal of time in keeping abreast of new 
developments. 


In some positions the nature of the work necessitates irregular 
hours and travelling. 


Teachers work a relatively short day and a ten-month school 
year. Preparation of lessons and marking papers, however, take 
up a good deal of time outside of regular working hours, Attendance 
at summer school, in order to gain additional training, is common 
practice. Many will be expected to teach one or two evenings a 
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week, for which they will receive additional remuneration. 


One cannot overlook the fact that the training and experience 
gained is an excellent background for homemaking and for leader- 
ship in community life. Many continue to work after marriage, 
and those who leave the profession have little difficulty in resuming 
their career at any time. 


ORGANIZATIONS 


There are two national organizations in Canada — the Canadian 
Home Economics Association, in which workers in all branches 
of the occupation may have membership, and the Canadian Dietetic 
Association, which restricts its membership to university graduates 
in home economics who have had the necessary interneship or 
experience. Both these organizations are active on behalf of their 
members and publish journals that keep the membership informed 
of current developments. Teachers may also belong to a teachers’ 
federation, 


EMPLOYMENT PROSPECTS 


A large proportion of the job openings for home economists 
are in areas where there is a high concentration of population. 
There are more opportunities for employment in the larger cities, 
for it is here that the usual opportunities for home economists in 
hospitals and schools are augmented by those in government, uni- 
versity, and industry. There are, however, openings for home eco- 
nomists even in small communities in the fields of teaching, hospital 
work and, in some cases, industry. 


The home economist may move freely from one part of Canada 
to another as opportunities present themselves, Teachers, however, 
since they hold a certificate to teach in a particular province, are 
more restricted in this respect. 


Governments, communities, welfare organizations, and indi- 
viduals are becoming more interested in better food utilization, in 
the relative value of many household commodities that are now 
on the market, and in good health habits. The many programs 
now in progress, calling for the services of home economists, and 
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others that will be undertaken in the future to meet the needs of 
a rapidly expanding population, will tend to contribute to a greater 
need for people in all branches of this profession. 


At present, there is a shortage of dietitians, particularly in 
ihe hospital field. This is becoming more acute as hospitals expand 
and grow in number. 


Teachers of home economics in primary and secondary schools 
are in short supply, and many schools have been obliged to hire 
teachers holding temporary certificates only. The demand for 
qualified teachers in all parts of Canada will increase as new 
schools are opened, Persons interested in this field of work should 
have little difficulty in becoming established. 


There is every reason to believe that employment in the field 
of private industry, although relatively small at the present time, 
will increase as the economy expands and technological advances 
continue to be made. 


Good opportunities are available in the Armed Services, par- 
ticularly for dietitians. 


The employment of experienced home economists as consultants 
or managers of such institutions as children’s and old people’s 
homes and reform institutions is becoming more frequent, 


Because many home economists leave the profession in order 
to marry, there is a continual need for replacements. 


For some years, at least, there should be ample job opportuni- 
ties for home economists. 


For girls with the required interests, aptitudes and abilities, 
there is good scope in this field for a life of personal satisfaction 
and service. 


REFERENCES 


The Guidance Centre, Home Economist and Dietitian, (Mono- 
graphs), Ontario College of Education, University of Toronto, 371 
Bloor Street W., Toronto 5, 1954. 
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American Home Economics Association, Careers In Home Eco- 
nomics, (a packet containing two booklets and other smaller pub- 
lications on various aspects of the profession), 1600 Twentieth 


Street N.W., Washington 9, D.C. 
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Canadian Home Economics Association, Canadian Home Eco- 
nomics Journal, (quarterly), Box 55, 290 Vaughan Street, Winni- 
peg, Man. 


Canadian Dietetic Association, Journal of the Canadian Dietetic 
Association, (bi-monthly), 415 Bloor Street W., Toronto 4, Ont. 
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“CANADIAN OCCUPATIONS” SERIES 


Monographs and Pamphlets 


(1) 


(9) 


The monographs listed below, accompanied by pamphlets, ex- 
cept in the case of numbers 12, 13 and 39, have been published 
to date. 


Carpenter 

Bricklayers and Stone-Masons 
Plasterer 

Painter 

Plumber, Pipe Fitter and 
Steam Fitter 

Sheet-Metal Worker 
Electrician 

Machinist and Machine 
Operators (Metal) 
Printing Trades 


(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 


(17) 
(18) 
(19) 


Motor Vehicle Mechanic 
Optometrist 

Social Worker 

Lawyer 

Mining Occupations 
Foundry Workers 
Technical Occupations in 
Radio and Electronics 
Forge Shop Occupations 
Tool and Die Makers 
Railway Careers 


Careers in Natural Science and Engineering: (20-35, one booklet) 


(20) 
(21) 
(22) 
(23) 
(24) 
(25) 
(26) 
(27) 


(36) 
(37) 


“Agricultural Scientist” 
“Architect” 
“Biologist” 
“Chemist” 
“Geologist” 
“Physicist” 
“Aeronautical Engineer” 


Hospital Workers (Other than 
Professional) 
Draughtsman 


Filmstrips 
The Department of Labour has prepared, to date, the follow- 
ing occupational filmstrips in collaboration with the National Film 


Board. 


(28) 
(29) 
(30) 
(31) 


(32) 
(33) 
(34) 
(35) 


“Chemical Engineer” 
“Civil Engineer” 
“Electrical Engineer” 
“Forest Engineer and 
Forest Scientist” 
“Mechanical Engineer” 
“Metallurgical Engineer” 
“Mining Engineer” 
“Petroleum Engineer” 


(38) Welder 


(39) Careers in Home Economics 


A manual has been prepared as an accompaniment to 


each filmstrip. These may be purchased from the National Film 
Board, Ottawa, or from any one of its regional offices. 


Plumber, Pipefitter and Steamfitter 
Careers in the Engineering Profession 


The Social Worker 


Technical Occupations in Radio and Electronics 


Bricklayer and Stone-Mason 


Printing Trades 


Careers in Natural Science 
Careers in Home Economics. 
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FOREWORD 


During recent years there has been a steadily increasing 
demand for up-to-date information on occupations. 


This demand comes from youth faced with the need of 
choosing an occupation and of selecting the type of training 
required; from parents, teachers and other counsellors; from 
workers shifting to other occupations; from employment service 
officers; from directors of personnel and union officials, and 
from other quarters. 


This series of monographs and an accompanying series of 
pamphlets, the latter containing similar information in a con- 
densed form, are attempts to meet this demand. These pub- 
lications are designed for general use and cover a wide range 
of occupations, including professions. They indicate, among 
other things, the nature of the occupation or group of occupa- 
tions, entrance and training requirements, working conditions 
and opportunities in each. 


The staff of the Occupational Analysis Section has prepared 
this series with the generous assistance of representatives of 
management, trade unions and professional associations. The 
co-operation of the Unemployment Insurance Commission, the 
Vocational Training Branch of the Department of Labour, 
and the Dominion Bureau of Statistics is gratefully 
acknowledged. 


In the preparation of this monograph, generous help was 
received from a number of aircraft manufacturing companies. 
Their contribution to this publication, in the way of advice 
and information, is greatly appreciated. 


Acknowledgment is also made of the assistance obtained 
from numerous publications on occupations prepared in Can- 
ada and in other countries. 


DIRECTOR, 
Economics and Research Branch, 
Department of Labour. 

March, 1956. 
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Occupations in the Aircraft 
Manufacturing Industry 


Photo: AVRO Aircraft Ltd. 
Jet aircraft in flight. 


HISTORY AND IMPORTANCE 


In all human history, there have been few developments 
that have so universally captured, in so short a time, the imag- 
ination of mankind or have had such a profound effect on 
civilization as man’s conquest of the air. In terms of travel 
alone, the globe has shrunk to a fraction of its size. The aero- 
plane has opened up vast new areas once isolated by terrain 
or time. 
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In the military sphere, emphasis has been placed on air 
power for national and international security purposes. The 
tension that has existed between nations in the post-war years 
and the development of nuclear weapons have led to a recogni- 
tion in Canada, and elsewhere, of the need for a strong and 
up-to-date air force. 


It was only 50 years ago that the Wright brothers made the 
first successful flight, short though it was, in a heavier-than-air 
machine at Kitty Hawk, North Carolina. Although the event 
received only brief, and often humorous, mention in the news- 
papers, it marked the beginning of one of the most exciting 
developments in modern times. 


Man first flew across the Atlantic just 27 years ago, when 
Alcock and Brown took off from St. John’s, Newfoundland, 
and pancaked into an Irish bog sixteen hours later. Since 
then three and a quarter million passengers have flown across 
the Atlantic. More than one thousand are now flying across 
the Atlantic every day. 


Twenty years ago, a distinguished British engineer, lec- 
turing in London on the “‘Limits of Human Flight’’, predicted 
that the absolute maximum speed for human flight was around 
650 m.p.h. Many production military aircraft have already 
exceeded 750 m.p.h.—the speed of sound — and research 
aircraft have flown up to two and one-half times that speed. 


These high speeds are the result of a phenomenal advance in 
power. From very crude piston engines of 25 hp. or less, we 
have moved to gas turbines that are already delivering 50,000 
hp. and will soon be delivering considerably more. 


The weight of aeroplanes has also gone up tremendously. 
At a meeting of the Royal Aeronautical Society in 1912, one 
authority stated that the maximum all-up weight of an aircraft 
would never be much more than 2,000 lbs. The CF-100, a 
two-place fighter ’plane, weighs about 36,000 Ibs. A DC-7C, 
which carries 95 passengers, weighs about 130,000 Ibs. fully 
loaded. On the drawing boards are much larger transports. 
And if development of an atomic aero-engine is successful, we 
shall probably see aircraft with all-up weights of half a million 
pounds. 


Canada’s Contribution to Aviation 


For a country of relatively small population, Canada has 
made some substantial contributions to aviation. These go 
back to the beginning of flight at the turn of the century. The 
first major contribution was the aerodynamic research work 
in a wind tunnel built in New Brunswick by W. R. Turnbull, 
even before the Wright brothers took to the air for the first 
time in 1903. The Hon. J. A. D. McCurdy flew his Silver Dart 
319 feet over the ice at Baddeck Bay in Nova Scotia in 1909. 
This was the first powered flight in the British Commonwealth. 


Canada built 3,000 trainers in the First World War. Then 
the industry all but vanished. From 1928, until the beginning 
of the Second World War, activity was sporadic. 


In the last 10 years, Canada has turned out 4,400 aircraft, 
the majority of which (3,500) have been produced in the past 
five years. During the past decade, eighteen different types 
of aircraft have been built in this country, ranging from small 
trainers to jet fighters and including four-engine commercial 
airliners, helicopters and a four-jet transport. Eight different 
types of aircraft are in current production, and the industry 
is getting ready to build two more; in addition, designing and 
tooling is in process on a supersonic delta-wing interceptor. 


Operationally, we have seen our airlines jump from the 
Lodestar to the DC-3, to the North Star... to the Super Con- 
stellation... and now the turboprop Viscount. Remarkable 
progress has been made towards the popularity and general 
acceptance of air travel by the Canadian public. Just before 
the war, our airlines were carrying 100,000 revenue passengers 
a year. In 1954, they carried 2,800,000 such passengers — to 
Europe, Asia, Australia, South America and other countries. 
A similar increase in aerial transport of goods has occurred. 
In 1953, more than 177,000,000 lbs. of air cargo, express and 
freight were carried by Canadian commercial aircraft — a 
nine-fold increase over 1946. Trans-Canada Airlines and 
Canadian Pacific Airlines are two of the great commercial 
carriers of the world. 


Aviation has played a vital role in opening up Canada’s vast 
storehouse of natural resources. The pioneering role of the 
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intrepid bush pilot and of the private operator in opening up 
the hinterland is almost legendary. Without aviation, much 
of today’s new mineral wealth might still be undiscovered or 
inaccessible. The aircraft played a big part in such recent devel- 
opments as the Quebec-Labrador iron ore project, the Kitimat 
aluminum project in British Columbia, and the Beaver Lodge 
uranium find in Saskatchewan — the latter made Canada one 
of the most important uranium producers in the world. The 
pulp and paper industry utilizes the aeroplane to make air 
surveys of Canada’s vast forest resources. 


Aircraft Manufacturing in Canada - its Growth and Importance 


The history of the operational side of aviation in Canada 
is well known. Not so much is known of the other phase — 
the industrial or manufacturing side. Today, Canada is 


Photo: N.F.B. 
Test engineer ata control panel runs a test on a jet engine. 
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counted among the first five top air powers, largely because of 
the swift development of the aircraft manufacturing industry 
in the post-war period. 


In the design and production of the latest jet aero engines, 
airframes and armament systems, in the high quality of its 
engineering staffs, and in the production records which it has 
achieved, the aircraft industry has enabled Canada to take its 
place among the world’s leading air powers. 


The aircraft manufacturing industry is today an important 
part of Canada’s economy, both in terms of jobs and in value 
of production. In 1954, the selling value of factory shipments 
for the aircraft and parts industry was almost $343 million. 
This placed the industry in ninth position among the leading 
manufacturing industries in terms of sales. The aircraft and 
parts industry had 35,000 employees in 1954 and ranked third 
in the manufacturing field in terms of numbers employed. 


Although there was considerable aeronautical activity 
after the First World War, it revolved around the use of war 
surplus aircraft. There was little or no activity in the way of 
new aircraft construction until 1923, when a period of expan- 
sion began with the decision of the Department of National 
Defence to order eight single-engine amphibian flying boats 
as a preliminary to the re-equipment of the Canadian Air Force. 
It was felt that the time was ripe for the re-establishment of 
the aircraft industry in Canada, and the contract for these 
aircraft called for them to be “home-built”. The first two 
machines were bought from England and the last six were 
successfully built at Montreal, and Canada’s new industry 
was launched. 


Leading aircraft and engine manufacturers, both in Great 
Britain and the United States, began taking steps to set up 
branches and agencies in Canada. By 1930, Canada already 
possessed a youthful aircraft industry. Up to the outbreak 
of the Second World War, it continued to expand slowly. In 
1939, for example, it embraced 13 factories; the average total 
manpower was Just over 3,500; gross selling value of products 
was about $12.6 million. 


Then came the tremendous expansion during the Second 
World War. At the peak, 45 factories were operating and 
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nearly 80,000 people were employed. With the end of the war 
came contraction, as swift and spectacular as the expansion. 
At the lowest point, there were only 11 establishments in oper- 
ation and the number of employees had dropped from 80,000 
to 8,000. 


Post-War Developments 


But even at this point of low ebb, the Canadian government 
and the industry began laying the groundwork for a. new, and 
what has proved to be a most important, chapter in Canadian 
aviation manufacturing history. 


This new chapter began when A. V. Roe Canada Limited 
acquired the Malton facilities of the wartime Victory Aircraft 
from the federal government in 1945. Another major step, 
a few months later, was the acquisition of the Crown-owned 
Canadair Limited by what is now the United States’ General 
Dynamics Corporation. DeHavilland Aircraft meanwhile 
swung into an active post-war program. 


From this relatively small beginning has been built an 
industry which is much more self-sufficient than it has ever 
been. In the past, the types of aircraft made in Canada had 
been largely designed elsewhere, either in the United States 
or in Great Britain, and had a large non-Canadian content. 
The need for a greater measure of independence in the aircraft 
industry was brought home during the last war, when supplies 
of aeronautical equipment were cut off by enemy submarines 
and Allied home-front priorities. 


Progress towards self-sufficiency has been marked in the 
past ten years. An important factor in this progress has been 
the stress laid on design and development, which is the heart 
of a basically sound aircraft industry. It was recognized as 
far back as the 1920’s that aircraft designed elsewhere were not 
always suitable for use in Canada. 


Design and development, and the broader goal of a more self- 
reliant aircraft industry, have been the most important factors 
in the rapid movement of Canada toward full aeronautical 
maturity. 


by ye 


Because of the emphasis placed on design and development, 
the employment of engineers in the aircraft industry has in- 
creased greatly. Ten years ago, it was estimated that one 
out of every 22 employees in Canada’s aircraft industry could 
be classed as an engineer. Today the proportion is roughly 
one in ten. . 


An interesting comparison is the engineering man-hours 
involved in the original design and development of reciprocating 
engine fighters of the last war and jet-powered aircraft of the 
present time. It took some 42,000 engineering man-hours to 
design the wartime F-51 Mustang Fighter. It took 450,000 
man-hours to bring along the CF-100 all-weather interceptor, 
from the first line on the drawing board to the first flight of 
the prototype. The development of the Orenda turbojet 
engine, which powers the CF-100 and the Sabre 5 and 6 built 
by Canadair, took over 500,000 engineering man-hours, at 
Malton, plus some 500,000 sub-contracted design man-hours 
on engine and accessories, and 650,000 design man-hours on jigs 
and fixtures. 


The need for top engineering talent and skilled manufac- 
turing personnel was emphasized soon after the war, when 
use of the great circle route over the North became the shortest 
practical course between Europe-Asia and North America. 
Defence of this vast, unpopulated frontier fell to the RCAF. 
In addition to the latest type fighters, the RCAF required a 
specialized defensive aircraft of a design not available in other 
countries. 


These requirements resulted in Canadair Limited going 
into quantity production on the United States-designed F-86 
Sabre, a first-line, high-performance day fighter. It underwent 
major engineering work at Canadair and was completely 
assembled from parts manufactured in Canada. The Sabre 
is in use by the RCAF in Europe and by a number of NATO 
air forces, including the RAF. 


The special requirement resulted in Avro Aircraft’s CF-100, 
a high performance, long-range, all-weather interceptor. 
Recognized as the outstanding aircraft of its kind, this bomber- 
destroyer is equipped with radar-actuated rocket armament, 
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and has been in service with the RCAF for over two years. 
The CF-100 became the first military aircraft to be completely 
designed, developed and produced in Canada. 


Meanwhile, DeHavilland designed, developed and produced 
two cargo-passenger aircraft to meet the exacting small-lake 
and short-field demands of Canada’s bush operators. One, 
the Beaver, has been sold in countries the world over. It won 
the approval of the U.S. Army and U.S. Air Force and became 
the first all-Canadian aircraft to be sold in quantity to the 
United States for military purposes. The other, the Otter, 
a larger aircraft for the same utility duties, has had similar 
world-wide and military success. 


Photo: N.F.B. 
A jet engine assembly line. 


Jet operation in the RCAF demanded jet trainers. ‘To meet 
this need, Canadair undertook quantity production, under 
licence, of T-33 Silver Stars. Elementary training require- 
ments were taken care of by DeHavilland’s production of its 
own Chipmunk, and Canadian Car & Foundry’s production of 
Harvards and T-34 Mentors. The latter company also turned 
out Mentors for the United States Air Force. 


Power plants for most of these aircraft have been made in 
Canada. Orenda Engines Limited, a subsidiary of AVRO 
Canada Limited, has supplied over 2,500 turbojet engines for 
CF-100’s and F-86’s. These production engines were com- 
pletely designed, developed and built in Canada. Rolls-Royce 
established manufacturing facilities near Montreal to produce 
its British-designed Nene engine for Canadair’s T-33. Canadian 
Pratt & Whitney became sole North American producer of 
one highly rated piston engine and Canadian licensee-producer 
of another. 


Among the projects now in advanced stages in Canada’s air- 
craft manufacturing industry are: Avro Aircraft’s supersonic 
C-105 delta-wing interceptor; Canadair’s four-engine CL-28 
for maritime reconnaissance; DeHavilland, with Canadian 
Car & Foundry and Canadair as sub-contractors, will produce 
CS2F Sentinels for the Royal Canadian Navy; Bristol Aeroplane 
Company and Canadair are combining efforts for the con- 
struction of a commercial turboprop airliner; and a new Orenda 
gas-turbine engine with a five-figure thrust is also under way. 


Aircraft Industry as a Field of Work 


The Canadian aircraft manufacturing industry is an im- 
portant user of engineers, scientists, technicians and skilled 
manpower. Its various projects and programs have an impact 
on many areas in Canada. Although the main facilities are 
located in the central provinces, near Montreal and Toronto, the 
network of sub-contractors and suppliers stretches from Hali- 
fax to the West Coast. 


The core of the aircraft industry consists of seven firms, 
which are engaged in the production of either airframes 
(aircraft) or engines. These are listed below. In addition, 


there are a large number of other establishments that are oc- 
cupied solely or chiefly in making aircraft parts — in 1953, 
these numbered thirty-seven. All these firms, taken together, 
can be said to constitute the aircraft industry proper. There 
are, in addition to these firms, several hundred suppliers of 
aircraft parts and components, as well as a small number of 
companies fully equipped to deal with major aircraft repair, 
overhaul and conversion work. 


Major firms engaged in the Manufacture of Aircraft and 
Engines | 


Aircraft (Airframes) 


Canadair Ltd., Montreal 

Avro Aircraft Ltd., Toronto 

Canadian Car & Foundry Co. Ltd., Fort William, Ont. 
DeHavilland Aircraft of Canada Ltd., Toronto. 


Engines 


Orenda Engines Ltd., Toronto (a subsidiary of A. V. Roe 
Canada Ltd.) . 

Pratt & Whitney Aircraft Ltd., Montreal 

Rolls-Royce of Canada Ltd., Montreal. 


What of the Future? 


To a considerable extent the aircraft manufacturing industry 
depends on defence orders. In the past, this has unavoidably 
resulted in considerable instability of employment. As defence 
needs subsided, so did demands on the aircraft industry. The 
wartime peak employment figure of 80,000 as against the post- 
war low of 8,000 is a typical example of what happened. 


International political developments still play an important 
role in the future of the aircraft industry. However, events 
of the last ten years have emphasized the need for maintaining 
a fully developed aircraft industry, one which will be ready 
to gear itself quickly to the heavy demands for aircraft in a 
time of emergency. 
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It is likely that activity in the aircraft industry will be 
maintained at or about the current level for some time to come, 
at least as far as defence requirements are concerned. This, 
coupled with increasing activity in the highly competitive 
commercial field, should enable Canada to maintain her position 
among the foremost aircraft producers of the world. 


STAGES IN AIRCRAFT MANUFACTURING 


In order to gain a general idea of what is involved in the 
making of an aircraft, a brief review of the aircraft manufac- 
turing process will be helpful. 


Design and Testing 


The first stage concerns the design and testing of the pro- 
totype aircraft and its engines. 


Engineers make calculations and analyses to determine 
the configuration of the aeroplane and the materials, systems 
and installations it contains; prepare manufacturing drawings 
and conduct tests to confirm calculated data and to prove 
satisfactory strength of the airframe and functional suitability 
of systems. Draftsmen and technicians assist the senior 
engineers in most phases of design and test programs. 


Machinists, machine operators, sheet metal workers and model 
makers build the model parts. 


A detailed master design is produced incorporating features 
found to be worthwhile and rejecting those that are apt to fail. 


Tool designers specify the type of tooling that will be needed 
to manufacture the prototype. Actual construction of the 
tools takes place in the tool room. 


‘The prototype aircraft and engines are then built. The 
prototype is thoroughly tested on the ground and in the air, 
faults are corrected and, after further testing, it is approved 
for large-scale production. 


Production Planning 


Now it is necessary to produce in quantity and to gear the 
facilities of the suppliers, the machine shops, and the assembly 
lines to meet anticipated requirements. 
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The planning of the details of production takes place in the 
company’s Process Planning Department. The Engineering 
Department supplies it with drawings, data, blueprints, and 
lists of tools and specifications. Process planners prepare and 
issue instructions as to what operations are necessary to produce 
the finished parts. 


The Standards Department estimates the time that will be 
required for each operation — tume-study men calculate actual 
times. 


The Production Control Department totals the times that 
will be necessary for all operations and prepares a schedule for 
the delivery of various parts to the final assembly lines. 


Photo: N.F.B. 
An electrician checks the wiring diagram of a jet accessory panel. 
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Purchasing personnel place orders for materials, award 
contracts for the manufacture of various parts and equipment, 
and follow up on these orders to ensure that the parts arrive 
in time to meet production schedules. 


Tooling-Up 


Tooling-up for large-scale production begins. This involves 
the manufacture and purchase of special tools, dies, machinery, 
jigs and fixtures. 


Production 


Engines and engine parts, wings and tail and fuselage, 
various instruments and equipment, and thousands of compo- 
nent parts for each of these are made and assembled either 
by the company itself or by sub-contractors. All parts are 
brought together for sub-assembly and final assembly. 


Inspection personnel check each part, rejecting those that 
do not meet rigid specifications. 


The completed aircraft and its engines are then flight tested 
and prepared for delivery. 


Sales and Service 


All that has to be done now is to keep the aircraft flying. 
This means that the Sales and Service Department must ensure 
that spares are available and that instructions are issued re- 
garding oiling, greasing, replacing parts that are subject to 
wear, and the thousand and one contingencies that may arise in 
a variety of climates and operational conditions. 


Illustrators and writers prepare pamphlets and_ bulletins 
that tell mechanics in the field what to do and when to do it. 


Repair and Overhaul 


After an engine or aircraft has been in use for a specified 
number of flying hours, it must be returned for overhaul. The 
Repair and Overhaul Department repairs or replaces worn 
parts, and performs final tests to ensure that all components 
are functioning properly. 
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NATURE OF WORK ss: 
Engineering Occupations 


In aircraft development work, where plans and specifica- 
tions are prepared for new aircraft and engines and their com- 
ponent parts, many scientific workers are employed — aero- 
nautical, mechanical, electrical, electronic and civil engineers, 
chemists, metallurgists, physicists, and mathematicians. Drafts- 
men produce drawings of the various components, under the 
direction of engineers and designers. Blueprint machine 
operators run off blueprints for distribution to various engineer- 
ing groups; and clerks keep track of technical information and 
make it available where and when required. 


Laboratory and Test Occupations 


Laboratory and test technicians assist senior engineers in the 
preparation of test programs, manufacture and servicing of 
instrumentation, conduct of tests, recording of instrument 
readings and preparation of test reports. Test programs 
include wind-tunnel, static and dynamic structural tests, 
mechanical, electrical, electronic, metallurgical, power plant 
and fluid systems. 


Process Planning Occupations 


Process planners work out the sequence of operations and 
processes necessary to make, assemble and install aircraft and 
engine parts. They are the link between the Engineering and 
Production Departments of the plant. The work calls for a 
knowledge of shop practices and manufacturing principles. 
For the most part, process planners are recruited from among 
draftsmen, skilled assemblers and machine-shop workers. 


Tooling and Tool Design Occupations 


The tooling-up process, as we have seen, precedes the actual 
production stage. In the tooling shop, tools, jigs, fixtures 
and dies used in the manufacturing of aircraft parts and com- 
ponents are made by skilled workers. 


Even after production is in process, the tooling shop is still 
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Photo: N.F.B. 
The ‘“‘loft’’ where designs are proved before production is started. 


an active place because of design changes, the need to renew 
worn-out tools and dies, and the tool demands of expanding 
production. 


The lofting section of the Tooling Department receives 
blueprints from the Engineering Department. Loftsmen, 
using drafting tools, prepare drawings of aeroplane structural 
parts on loft boards of sheet metal or plywood. Photographic 
methods are also used to transfer lofts directly on to sheet metal. 
From these drawings, models are made by the woodworker 
and patternmaker. ‘These provide a check on the design of the 
aircraft. 
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._ Master patterns, called templates, are prepared from the 
loft board drawings. These sheet-metal patterns represent 
actual aeroplane sections and are used as standards in produc- 
tion. Template makers, experienced in the use of hand tools 
and metal-working machines, are engaged in this work. 


Jig and fixture builders lay out, construct and assemble work- 
holding devices used in production and assembly operations. 
These devices are usually made of wood or metal. In addition 
to holding in position the material worked on, a jig also guides 
the tools used in the process. Jig and fixture builders work 
from blueprints, sketches, and tooling templates and use ma- 
chines, hand tools and precision measuring instruments. 


Tool designers design the dies, cutting tools and fixtures 
of various types that are used in the manufacture and assembly 
of engines and aircraft components. They prepare drawings 
of the tooling required and pass these on to the tool room. 


Tool makers and tool and die makers construct, repair and 
maintain machine-shop tools and dies used for forging, punch- 
ing, stamping and other metal-forming work. They operate 
various machine tools, perform lay-out work, and assemble 
parts as necessary. They may also make jigs and fixtures. 


A related occupation is that of tool fitter, who fits and assem- 
bles tools and jigs and, if necessary, reworks them by hand 
or machine. 


Patternmakers build patterns of plaster, clay, metal, or other 
materials for use in making moulds from which dies and aero- 
plane parts are cast. Patternmakers also lay out and make 
mock-ups and models from prints, sketches, parts, drawings 
or templates. Bench tools, machine tools and precision meas- 
uring instruments are used in this work. 


Standards Occupations 


In order that component parts can all reach the sub-assem- 
bly and final assembly lines on schedule, and in the quantities 
desired, it is necessary to know the time that will be taken in 
producing them. Time-study men, using a stop watch, time 
each operation in sequence and total these times — allowances 
are made for fatigue and normal delays that would be en- 
countered by the machine operators. 
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Estimators, using. times that have been taken to perform 
operations in the past and figures on the capacity of available 
machines, produce estimated times in cases where it is not 
possible to time actual operations; these are checked for accu- 
racy aS soon as operations commence. 

Standards Department personnel produce charts and graphs 
that illustrate degrees of efficiency that will be reached by 
changes in machinery and methods. 

Time standards are also used by the Accounting Depart- 
ment in its calculations of final labour costs of aircraft com- 
ponents. 


Production Control Occupations 


The Production Control Department is responsible for 
producing the schedule of dates on which component parts 
must reach the assembly lines. Schedulers, many of them with 
accounting experience, prepare lists of parts and completion 
dates for various operations. 

Shop expediters and progress men, who have a knowledge 
of the plant layout, try to ensure that parts arrive at each stage 
of operation within the time limits set out by the schedule. 


Purchasing Occupations 


Buyers in the Procurement Department send out tenders 
to various sub-contractors, advising them of parts and mate- 
rials required and when they will be needed. 

Expediters keep in touch with the suppliers in order to be 
fully informed on work in process and delays that may hold up 
production. 

Personnel in the Purchasing Department usually have had 
previous experience in purchasing or production control and 
have gained a knowledge of materials from experience in the 
tool room, assembly shops or machine shops. 


Foundry and Forging Occupations 


In the foundry, molten metal is poured into sand moulds, 
which shape it into metal parts. Engaged in this work are 
moulders,. coremakers, casting cleaners, crane operators, furnace- 
men and inspectors, among others. 
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In forging, metal is heated and beaten into shape by drop 
hammers, or pressed into shape by forging presses. Dies are 
used in both the hammering and pressing processes. The main 
occupations here are drop-hammer operator, hammersmith, 
forging-press operator and heater. 


Machine Shop and Related Occupations 


Some metal parts cannot be cast or forged and must be 
fabricated by machine. Castings and forgings are also finished 
by machine. 


In the machine shop, iron, steel, magnesium, aluminum, 
and alloys of these, are used to make parts for all sections of the 


4 Photo: N.F.B. 
Milling a bar of magnesium. 
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aircraft. Turret lathes, milling machines, engine lathes, 
bench lathes, grinders, drill presses and shapers are typical 
of the machines found in the machine shop. 


Machinists and machine operators are the two main groups 
of workers found in the machine shop. 


Machinists are skilled workers who lay out the work and 
set up and operate several types of machines. They 
perform machining operations on highly variable work, usually 
without supervision, and must be able to shape metal parts 
to precise dimensions within the close tolerances prescribed. 
Machinists lay out and machine complicated experimental, 
tool or production parts from tool design or engineering draw- 
ings or sketches. They must understand blueprints and 
written specifications and be skilled in the use of machinist’s 
hand tools, including scrapers, chisels, files and measuring in- 
struments. Of the utmost importance is a good knowledge 
of shop mathematics, the use of charts and tables, and the 
efficient planning of shop work. Familiarity with the working 
properties of such metals as aluminum, brass, cast and wrought 
iron, and various steels, is also necessary. 


Machine operators are workers who usually specialize in 
work on a single type of machine. The more skilled operators 
set up the work on the machine, use precision measuring in- 
struments, and may work without supervision. The less skilled 
operators have the work set up for them and work, under super- 
vision, on more repetitive jobs than the former group. A 
knowledge of blueprint reading is desirable in all machine 
operators. Engine lathe and milling-machine operators are 
numerically prominent in aircraft work. 


Grinders are skilled or semi-skilled workers who grind sur- 
faces of tools and production parts. Grinding is, in most cases, 
a precision job, which calls for the setting up and operating 
of a variety of grinding-room equipment, and the use of pre- 
cision measuring instruments. Blueprint reading is also in- 
volved. 


Tube-bending-machine operators adjust and operate a ma- 
chine that bends pipes or tubing to specified angles. Tubing 
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is used for hydraulic, pneumatic, and fuel lines. Metal tubing 
for use in aircraft hydraulic and electrical installations is some- 
times bent by hand. 


Also engaged in the fabrication of metal parts, particularly 
in airframe work, are sheet-metal workers who cut, bend, and 
shape sheet metal by hand and/or machine. Here again, the 
work varies in degree of skill required. In the hand process, the 
worker shapes the part by pounding it with a mallet, and bends, 
cuts, and punches it with hand tools. The all-round sheet- 
metal worker is a skilled tradesman. With the aid of blue- 
prints, lofting data, and other engineering information, he 
lays out the sequence of operations, and fabricates by hand or 
power machine complicated and non-repetitive metal shapes. 
Repetitive production work is done by less skilled workers. 
Some production sheet-metal work is done by workers who 
specialize in operating single machines, such as the hydraulic 
press, forming press, punch press, power brake, power hammer, 
and power shear. 


Rivetters join together aeroplane structural members, as- 
semblies, sub-assemblies and small metal parts with various 
kinds of rivets. They drill and ream holes in metal, insert 
rivets and form the rivet heads using hand rivet sets and 
hammers, pneumatic rivetting hammers, and rivetting ma- 
chines. 


Welders weld together ferrous and non-ferrous metal aero- 
- plane and engine parts, and repair and construct such equip- 
ment as engine test stands and jigs, using oxyacetylene or elec- 
tric welding apparatus, or both. Spot welders and seam welders 
join together two or more overlapping pieces of metal by means 
of a spot-welding or seam-welding machine. 


Other Machine Shop Occupations 
Millwrights are primarily engaged in the installation of 
machines and equipment of any type. They may be also con- 
cerned with keeping the machines in a state of good repair. 
Maintenance Mechanics are mainly concerned with keeping 
machinery and equipment in good repair. 
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Metal Processing Occupations 


In metal processing work, metal parts are treated with 
chemicals to minimize corrosion and to provide paint-adhering 
surfaces. Other parts are heat-treated to harden or strengthen 
them, or to make them more machinable. Among the workers 
performing these operations are heat treaters, anodizers, and 
electro-platers. 


Photo: N.F.B. 
Workmen put the finishing touches on a tail assembly ready for installation. 


Assembling, Installing and Fitting Occupations 


Assemblers constitute the largest occupational group in 
the aircraft industry. 


Assembler is a general term used to designate a worker who 
assembles mechanical units or fabricated parts to form com- 
plete units or sub-assemblies, using hand tools. The assembler 
is usually designated according to the complexity of the work 
he is performing. Some assemblers are skilled workers, but 
the majority do relatively simple and repetitive work. The 
most skilled perform all the functions of fitting, assembling 
and installing, without the use of special tools; less skilled as- 
semblers perform similar functions on repetitive jobs, where 
the necessary tooling is provided. Smaller parts are fitted 
together at a bench to form a unit. Larger parts and units 
are assembled on the floor to form structural parts, components, 
and completed aircraft or engines. 


Assembly operations are also classified as detail and sub- 
assembly work, and major and final assembly work. 


Detail assemblers assemble small aircraft and engine parts 
(detail assemblies) and equipment, such as ribs, fuel tank parts 
and junction boxes. These parts are joined together by sub- 
assemblers to form aeroplane structural parts and equipment, 
such as ailerons, bulkheads, door frames, spars and fuel tanks. 


Major assemblers join together or assemble the component 
parts of aeroplane units or prefabricated sub-assemblies to 
form complete major assemblies, such as tail, wings and fuselage 
sections. 


Final assemblers fit together all principal assembles to form 
complete aeroplanes and install all necessary items needed for 
their operation. They hoist into place, align, fit and bolt 
together wings, tail and fuselage sections. Engine parts are 
attached to partially assembled aircraft engines, which are then 
installed in wings or fuselage, according to blueprint specifica- 
tions. Final assemblers also install engine controls and hy- 
draulic, flight control, and fuel and oil systems. They are 
responsible, as well, for installing propellers and disassembling 
aeroplanes for shipping. 

Aircraft electricians are responsible for the installation, 
testing and repair of all electrical services in the aircraft. 

Aircraft radio mechanics install, test, adjust and repair radio 
transmitting and receiving equipment. Auzrcraft radar me- 
chanics are specialists who perform similar functions on radar 
equipment. 
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Inspection and Testing Occupations 


The occupational group of inspectors and testers is a sizable 
one. All materials, parts, components, sub-assemblies and 
ancillary equipment that go into the making of the completed 
aircraft undergo inspection and testing. 


Procurement or receiving inspectors inspect incoming, out- 
going and production-line parts and materials for defects and 
for compliance to specifications. T'ool inspectors check new 
and reworked dies, Aen jigs, fixtures and precision tools 
before they are used | »y production workers, and inspect them 
in use to make sure they are maintaining their accuracy. Bench-. 
assembly inspectors inspect aeroplane parts fabricated by bench 
assemblers or sub-assemblers. In this latter group, there are 
many specialists, such as electrical-test inspectors, engine-and- 
hydraulic inspectors, structural assembly inspectors, radio testers 
and sheet-metal inspectors. 


Final assembly inspectors and flight test mechanics are skilled 
workers. The former inspect completed aeroplanes for defects 
of assembly and operation; the latter ground-test the completed 
aircraft prior to actual flying tests. 


These are some of the numerous testing and inspection occu- 
pations. They vary much in required training and skill — from 
semi-skilled workers doing simple and repetitive checking and 
testing to specialists with long training and experience. 


Sales and Service Occupations 


In conjunction with the Engineering Department, personnel 
in Sales and Service prepare the eraphs that illustrate the per- 
formance of the engine or aeroplane, speed and rate of climb, 
cruising speeds, fuel consumption and other characteristics. 
These features must be displayed on paper in order to show the 
prospective customer the real value of the company’s product 
and to give him a yardstick by which he can compare it with 
others in which he is interested. 


Personnel in the Spares Department draw up lists that show 
how long a part will last; others order parts from the Production 
Department, and package and store these for future use. 
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Technical writers, who usually have a background of assem- 
bly experience, prepare pamphlets that set out, in a form that 
the mechanic on a remote airfield can understand, the correct 
procedure for replacing parts and for oiling, greasing and fueling 
the aircraft and engine. Technical illustrators prepare illus- 
trations, drawings, retouched photographs, and wiring dia- 
grams that highlight the various parts that the mechanic must 
service or replace. They are also called upon to produce 
pictures from blueprints and sketches. Technical illustrators 
usually have an art school education background or drafting 
experience and a flair for art. 


Repair and Overhaul Occupations 


These are similar to those in the production shop. Here 
planners outline the operations necessary to repair and replace 
worn or damaged parts, and sheet-metal mechanics, machinists 
and assemblers carry out the operations. 


Other Aircraft Occupations 


The aircraft industry also employs aircraft painters; wood- 
workers who make wooden aireraft parts; azrcraft fabric 
workers; stock clerks and tool-crib attendants who keep the pro- 
duction workers supphed with tools, parts and materials; plant 
maintenance workers, including carpenters, electricians, plumb- 
ers and pipefitters, painters and sheet-metal workers; a large 
number of administrative and clerical workers; and workers 
engaged in storage, transportation and shipping. 


ENTRY, QUALIFICATIONS AND TRAINING 


The qualifications for many of the occupations mentioned 
in the previous section are described in detail in other mono- 
graphs that have been published in the “Canadian Occupa- 
tions” series. A lhsting of these publications will be found 
on the inside back cover of this booklet. 


Scientists and engineers are recruited from among university 
graduates in science or engineering. Previous experience is 
usually not required since most companies provide formal or 
on-the-job training. There is an increasing demand for en- 
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gineers with Masters or Ph.D. degrees in certain specialist 
fields such as high speed aerodynamics, and electronics. 


Although preference would be given to experienced drafts- 
men, it is possible for graduates of a technical school course in 
drafting to enter this occupation and be trained on the job. 


Production planning jobs call for workers who are either 
experienced draftsmen, skilled assemblers, machine-shop work- 
ers, or who have professional engineering qualifications. 


Entry into the skilled trades, such as are found in tool 
making, foundry and forge shops, and in machine shops is 
usually achieved through a long period of apprenticeship. The 
length of the period may vary from two to seven years, de- 
pending on the trade. 
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Photo: N.F.B. 
Transports near completion in the assembly line of an aircraft plant. 
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Less skilled workers learn their jobs in a shorter time —— this 
may vary from a few weeks to two years — through training 
on the job. Technical school training is a very useful prepara- 
tion for both groups. 


There are numerous jobs in assembly and inspection work 
which provide a means of entry into aircraft work for persons 
with one or two years of technical or high school education. 
Opportunities for advancement are, however, very limited in 
these two areas of work. The skilled, technical and profes- 
sional occupations offer much more in the way of advancement 
and steady employment. 


Many of the machine operating, rivetting, and welding 
jobs are also entry occupations for workers with little or no 
experience. Others require from one to two years’ on-the-job 
training. In the case of the more highly skilled operators and 
welders, training lasts for about three years. 


Qualifications usually required for certain other workers in 
the aircraft industry are as follows: 


Engine Experimental Mechanic — six to seven years’ related 
experience to develop the necessary skills. 


Aircraft Experimental Mechanic — five years’ diversified 
aircraft mantfacturing experience. A Department of 
Transport A & C Air Engineer’s Certificate “’ may be 
required. 
Aircraft Service Mechanic — four years’ experience in engine 
and flight service work. 

Aircraft Radio Mechanic — three years’ experience in air- 
craft radio and electrical work for top mechanics; one year’s 
experience in radio work for less skilled mechanics. 

Aircraft Radar Mechanic — three years’ experience in air- 
craft electrical and radar work. 

Aircraft Hydraulic Mechanic — three years’ aircraft 
hydraulic experience. 

Instrument Mechanic — three years’ experience in repair, 
testing and installation of aircraft instruments. 


(1) A & C Certificate — inspection of aircraft or engines before flight. 
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Aircraft Electrician — one year’s experience in electrical 
work at the lower level; three years’, at the higher level. 


Tool Fitter — three years’ fitting experience. 


Engine Fitter — five years’ experience. May advance to 
Fitter Tester. 


Jig Builder — two years’ experience for the lower positions; 
four years’, for the more skilled jobs. 


Tester — junior matriculation or equivalent. One year’s 
test experience, or two years’ general machine shop or air- 
craft engine experience at the lower level; four years’ 
machine shop or experimental engine experience at the 
higher level. 


Special Inspector (Aircraft) — must hold either an A & C 
or B & D Air Engineer’s Certificate “ from the Depart- 
ment of Transport. 


EARNINGS 


Average weekly earnings in the aircraft and parts industry 
are among the highest in the manufacturing field. On October 
1, 1955, the average for all workers in this industry was $77 per 
week, compared with an average of $64 per week for all manu- 
facturing industries @. 


Average hourly earnings for production workers on October 
1, 1955, were $1.74 per hour, compared with $1.45 for all manu- 
facturing industries... Average hours worked were 41.7 per 
week ©), 


The reader is referred to ““‘Wage Rates and Hours of Labour 
in Canada’’, published annually by the Department of Labour, 
Ottawa, for wage rates for selected occupations in the aircraft 
and parts industry. 


(1) B & D Certificate — inspection of aircraft or engines after overhaul. 

(2) Dominion Bureau of Statistics, Employment and Payrolls, October 
1955. 

(3) Dominion Bureau of Statistics, Man-Hours and Hourly Earnings, 
October 1955. 
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LOCAL INFORMATION 


LOCAL INFORMATION 


“CANADIAN OCCUPATIONS” SERIES 
Monographs and Pamphlets 


The monographs listed below, accompanied by pamphlets, except in the 
case of numbers 12, 13 and 39, have been published to date. 


(1) Carpenter (10) Motor Vehicle Mechanic 
(2) Bricklayersand Stone-Masons (11) Optometrist 
(3) Plasterer (12) Social Worker 
(4) Painter (18) Lawyer 
(5) Plumber, Pipe Fitter and (14) Mining Occupations 
Steam Fitter (15) Foundry Workers 
(6) Sheet-Metal Worker (16) Technical Occupations in 
(7) Electrician Radio and Electronics 
(8) Machinist and Machine (17) Forge Shop Occupations 
Operators (Metal) (18) Tool and Die Makers 
(9) Printing Trades (19) Railway Careers 
Careers in Natural Science and Engineering: (20-35, one booklet) 
(20) “Agricultural Scientist” (28) ‘‘Chemical Engineer” 
~ (21) “Architect”’ (29) “Civil Engineer”’ 
(22) ‘Biologist’ (30) ‘Electrical Engineer’’ 
(23) ‘Chemist’ (31) ‘Forest Engineer and 
(24) “Geologist” Forest Scientist” 
(25) “Physicist”’ (32) “Mechanical Engineer’’ 
(26) “Aeronautical Engineer”’ (33) “Metallurgical Engineer”’ 
(27) (34) ‘Mining Engineer” 
(35) “Petroleum Engineer’ 
(36) Hospital Workers (Other (389) Careers in Home Economics 
than Professional) (40) Occupations in the Aircraft 
(37) Draughtsman Manufacturing Industry 


(388) Welder 


Filmstrips 


The Department of Labour has prepared, to date, the following occupa- 
tional filmstrips in collaboration with the National Film Board. A manual 
has been prepared as an accompaniment to each filmstrip. These may be 
purchased from the National Film Board, Ottawa, or from any one of its re- 
gional offices. 


Plumber, Pipefitter and Steamfitter 

Careers in the Engineering Profession 

The Social Worker 

Technical Occupations in Radio and Electronics 
Bricklayer and Stone-Mason 

Printing Trades 

Careers in Natural Science 

Careers in Home Economics 


DEPARTMENT OF LABOUR 
Economics and Research Branch 


CANADA, 1956 


OTTAWA 
EDMOND CLOUTIER, C.M.G., O.A., DS.P., 
QUEEN’S PRINTER AND iar Sc By OF STATJONERY. 
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